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1. Introduction

Agriculture is highly susceptible to climate change, more frequent heat waves, warm
and humid weather increases the intensity of pests, diseases and impoverishment of
crops. Heavy rainfall in some areas leads to soil erosion, water logging and hence
reduces the cultivatable area. Frequent drought results crop losses, lower crop yields
and sometime total failure of the crops (IPCC WG II, 2007). Fan et al. (1998)
reported that variation in precipitation patterns causes crop failures and hence
reduction in crop production. Atmospheric CO2 concentration increased by 31% and
atmospheric O3 increased by 1% per year during the past four decades. Therefore
climate resilience is necessary in India as the country is experiencing excessive heat
stress, increased O3, high rainfall variability and occurrence of extreme events. In
developing countries, due to climate change yield will be lower for paramount crops.
To increase crop production without increasing in cultivated area for feeding the
burgeoning population is the foremost challenge for agricultural scientists as well as

for country.

However, increase in crop production should be achieved by reducing the risk
and losses in agricultural production. Today’s Indian agriculture scenario, the farmers
adopted mechanized cultivation practices in rice-wheat production systems widely
resulted serious problems of sub surface compaction. Advancement of mechanization
in modern conventional agriculture requires more fossil fuel energy. Now it has been
realized that conventional agriculture is not very energy efficient and is detrimental to
the air, water and soil environment. In recent years, the rice- wheat system has been
suffering from a production fatigue and several economic and ecological problems
(Saad et al., 2016). Modifications are required in agriculture practices to pace with the
changing climate and it is need of time to measure the impact and vulnerability with
augmentation of climate change guidelines (Smith et al., 2009). Different treatments
like no tillage, residue effect give effect on crop growth, yield and also help to sustain
the crop production in this changing climatic scenario. No tillage with presence of
crop residue on the soil surface improved properties of soil like quality and resource
utilisation ability (Ghosh et al., 2010). Tractor use is considerably lower when tillage
operations are eliminated, thus lowering the emissions of greenhouse gases and other

toxicants. In addition, soil moisture is retained and wind and water erosion are further



decreases, under zero tillage as the soil surface, residues, crowns, and roots from
previous crops are not disturbed which further protection and improves the soil health.
Zero tillage reduces the cost of cultivation since it minimises the uses of tractors and
lowers the cost of fuel and labours. Bhattacharya et al. (2012) find out the response of
changing of seasonal tillage practices on organic carbon retention, soil aggregation,
aggregate-associated C and particulate organic matter-carbon in top 15 cm of soil
layer and found that soil organic carbon and total soil nitrogen had been improved by
inclusion of legume in production systems. There is accelerating trend in past several
years, adopting the practice of zero-tillage in north-west India. Sowing of wheat crop
by zero seed drill in low laying and alkaline lands followed by rice was found
beneficial over conventional tillage in Haryana state of India. The soil does not get
dry hence not ready for normal tillage even at the end of November and that delay the
wheat harvest and finally the crop faces pre-monsoon temperature stress. Zero-tillage
reduces the costs on tractor and implements maintenance and repairing as well.
Around 17.4 million liter of diesel can be saved by adopting zero-tillage in half of the
rice-wheat area of Haryana. This equals to (conversion factor of 2.6 kg COz /liter of
diesel) deduction of more than 25,000 tonne of CO2 emissions per year (Hobbs and
Gupta, 2002). As zero-tillage conserve residual moisture of preceding rice crop, it
cuts down the requirement of immediate irrigation hence water requirement is

reduced almost 1 million liters per ha (Erenstein et al., 2007).

Maize (Zea mays L.)-wheat (Triticum aestivum L.) is the third most important
cropping system, grown on about 1.83 million ha in India, contributing nearly 3% to
the national food production after rice-wheat (32%) and rice-rice (5%) systems
(Chaudhary et al., 2009; Sepat et al., 2013). Conventional tillage practice involves
multiple passes of tractor for ploughing, harrowing, planking and seeding.
Conventional rice-wheat system required higher energy due to intensive field
preparations, whereas zero tillage required least energy leading to higher output: input
energy ratio. Conventional tillage practice in maize and wheat involves 6-8 tillage
operations, consumes 25-30% of the total operational energy. Continuous tillage in
both rainy (kharif) and winter (rabi) season was found to have ill effects on the soil
health and high energy requirement. Resource conservation technology like raised-
bed planting saves irrigation water and labour consumption without sacrificing

productivity. Fresh raised-bed was found beneficial in maize and wheat, saving water



and higher yield and net returns despite higher cost of cultivation. These reports
indicate that conservation agriculture system requires the least energy in farm

operation compared to other systems but may not be applicable in all cases.

Huge quantities of crop residue are produced in cereal-cereal production
systems. Crop residue is a source of renewable energy, generally considered as non-
commercial as thought to be freely available. Large portion of unused crop residues
are burnt in the fields with intention to clear the left-over straw and stubble for sowing
of the succeeding crops. Based on estimates taken from grain production and grain to
straw ratios (cereals) indicates of total crop residue production in India is about up to
350 million tonnes of which one-third is available for recycling by soil incorporation
or surface retention (Saad et al., 2016). With the aim of conserving resources,
improving input-use efficiency and sustaining productivity, conservation agricultural
system has emerged. The concept of conservation agriculture was developed in USA
during 1970s as a result of primarily steep increase of fuel price therefore, to cut down
expenses on tillage machinery. This involves minimum soil disturbance, providing a
soil cover through crop residue or other cover crops and following efficient crop
rotation (Sharma et al., 2012). Zero tillage (ZT) technique is an ecological approach
for soil surface management and seed bed preparation resulting in less energy
requirement, less weed problem, better crop residue management and higher or equal
yield (Jain et al., 2007). Globally, conservation agriculture is being practised in about
125 million hectare (FAO, 2012). In India, its adoption as ZT is initiated in late 1980s
and still conservation agriculture is in initial phases as largely being adopted in wheat
of rice-wheat system of IGP (Jat et al., 2011), which is not truly conservation
agriculture as the practice is being undertaken in wheat crop, leaving rice with

conventional method.

Continuous adoption of cereal based cropping system has led to depletion of
inherent soil fertility resulting in a serious threat to its sustainability in the Indo-
Gangetic plain region (IGPR) of India. The inclusion of legumes in crop rotation
assumes a great significance to restore soil fertility. Pulses, next to cereals in terms of
economic and nutritional importance have ability to biological nitrogen fixation, low
water requirements, capacity to withstand drought, can contribute significantly to
achieve twin objectives of increasing productivity and reduce need of nitrogen

application as well cost of cultivation. Sinsinwar et al. (2003) observed that higher



yield of cereal crops after legumes in rotation, which is mainly due to remnant effect
of biological N fixation along with addition of legumes root biomass to succeeding
wheat. Biological nitrogen fixation (BNF) is one of the important sources of nitrogen
to the soil (Zapata and Cleemput, 1986). The rotation of animal forage or grain
legume with cereal crops acts as fundamental source of N for cereal crops in South-
West Australia (Clarke and Russell, 1977). The upper soil structure becomes crusted,
which obstruct germination and growth of roots under monoculture practices of
cereals. On the other side, incorporation of legume in rotation enhance soil organic
matter, stability of aggregates, and spares soil mineral N. Leguminous residue
decomposes faster as compared to cereal residue due to its low C: N ratio and enhance
the mineral N in soil that helps in improving the crop yield. Nitrogen is the main
element in the cereal grown after legumes in contrast with cereals following other
non-leguminous crop (Evans et al. 1991). After assessing many case studies, Chalk
(1998) find out that rotation with legumes benefits the cereal in terms of N supply
and finally the yield. Pigeonpea (Cajanus cajan L.) is an important grain legume crop
of the semi-arid tropics, occupying about 3.55 million ha area with an annual grain
production of 2.40 million tonne in India alone (GOI, 2007). India is the major
pigeonpea producing country accounting for 91% of the global pigeonpea production.
The Indo-Gangetic Plain region (IGP), wherein cereal-based cropping systems
predominate, contributes 28% of the total pigeonpea production of India (Ali et al.,
2000).

Impact of conservation agriculture (CA) on micrometeorology, like
interception of solar radiation (photosynthetically active radiation), mean temperature
and relative humidity profile of crop are still unknown. Moreover, conservation
agriculture effects on biophysical parameters like biomass accumulation, leaf area
index, plant height etc are also studied to a less extent. Generally, it requires accurate
observations of crop growth including radiation use efficiency (RUE) under optimal
micro environmental conditions for plant dry matter accumulation and grain yield
near to its potential values. Adaptive approaches for conservation agriculture systems
are very site directed. Studying across the locations will be a potential way to figure
out that some of the technologies or practices are adequate in a set of conditions and

ineffective in other set of conditions.



Increaseing water use efficiency, radiation use efficiency reduces harvesting of
natural resources to greater extent which can accelerate the production on sustainable
basis. Besides these, reduction in pests and diseases incidences by modifying
microclimate instead of completely relying on harmful pesticides can prove beneficial
for environment in the long run along with saving cost of plant protection. System and
management affecting microclimate of the crop should be understood properly for
effective management (Olanya et al., 2006). Micrometeorology of crop can affect the
crop production to a great extent. Keeping in view of above points, maize-wheat and
pigeonpea-wheat cropping systems under conservation agriculture practices and their
impact on modification of microenvironment, crop growth and yield are selected as

field of concern in this study.

Therefore, the quantification of microenvironment in maize-wheat and pigeon
pea- wheat cropping systems under different conservation agriculture practices and
their effects on crop growth and yield are the area of interest. Although some work
has been done on radiation use efficiency and different thermal indices accumulation
under variable weather conditions in some crops but the studies on the thermal
indices, radiation use efficiency, crop growth and yield under different conservation
agriculture practices in maize- wheat and pigeonpea-wheat cropping systems are still
lacking. Therefore in depth studies should be done on different accumulated thermal
indices, radiation use efficiency, water use efficiency and crop productivity for maize-
wheat and pigeon pea- wheat cropping systems in different crop environments under
conservation agriculture. Keeping view of the above points a study was done with the

following objectives:-

1. To study crop microenvironment under different conservation practices along with

conventional practice.

2. To study effect due to crop microenvironment under different treatments on

biophysical parameters, crop productivity and radiation use efficiency.

3. To calculate crop water requirement and water use efficiency using single crop
coefficient, dual crop coefficient and water balance method under different crop

micro environments.



2. Review of Literature

In the middle of last century, due to increased industrialization, use of power drawn
implements and tractors for tillage and various other agricultural operations started
replacing animal drawn tillage implements and manual labour. But after few decades,
the over use of heavy machinery for soil management and ploughing, along with
higher input use such as chemical fertilizers, over irrigation and indiscriminate use of
chemical pesticides has led to severe land degradation and unsustainable agricultural
production system. Another problem is that the productivity of crop is low in rainfed
dry areas because of poor organic matter content (Wang, 2006), inadequate and erratic
rainfall (Loss and Siddique, 1994), drought (Rockstrom et al., 2007), nutrients
deficiency (Sahrawat et al., 2007), low and unbalanced use of fertilizers (Rashid and
Akhtar, 2006) and impoverished physical quality of soils and other inadequate

environmental factors.

Thus there is need to improve soil health and need to changes crop
microclimate for proper crop growth and development at several levels which, in turn,
directly influence crop productivity. One of the solution is use of various practices
which includes reduced tillage, crop rotation and residue retention as its main
components. For sustainable agricultural system and checking land degradation, in
addition to conservation tillage practices, other resource conservation objectives such
as conservation of soil moisture, soil structure, soil flora and fauna and nutrients
should also be considered (Baker et al., 2002). Thus from 1970 onwards, the farmers
have been advised by Scientists and Policy makers to adopt no-tillage that use limited
fossil fuels, decreased run-off and soil erosion losses and nourishes the soil with
organic matter. This was the kick-off of the conservation tillage evolution and today
good amount of area cultivated under conservation tillage. The conservation tillage is
the combination of terms generally given to direct drilling, no-tillage, minimum-
tillage and ridge-tillage, to keep in mind the conservation of natural resources. It can
alter the microenvironment within the crop canopy by changing solar radiation,
temperature and humidity profile, controlling evapotranspiration. It helps in
environmental conservation in one hand and sustained agricultural production on the

other hand. So it can be specified as resource conserving agriculture (FAO).



The literature related to various crop environments like reduced or zero tillage,
residue retention or mulching, crop rotation, their impact on soil properties, growth
and yield have been found. Still there is dearth of literature on impact of these
practices directly on microenvironment of crops. Conservation agriculture has three
basic principles; crop rotation, minimal soil disturbance, permanent or semi-
permanent organic soil cover. The literature, with direct or indirect relevance,

collected for the study is classified broadly into following heads.
Crop rotation

Crop rotation is an important cultural control strategy which is also regarded
as an age old practice. It involves the pre-planned series in which same field is sown
with particular crops. The series have the crops of different families. Variability in the
planned rotation of crops can be between two or three year or longer period. Soils
alterations are kept minimum in combination with rotation of divergent crops with
diverse rooting patterns in zero-till system which induces a large network of root
system and macropores in the soil and further helps in infiltration of water to lower
depths. Crop rotations build up the microbial population which helps in checking the
pest and diseases (Leake, 2003).

The prime goal of crop rotation is to sustain soil fertility, allowing natural
cycles to take place, renovation of soil structure and finally the reduced soil erosion
(Eltz and Norton, 1997). Farmers can decide for appropriate crop rotation, depending
up interested crops, adequate water and nutrient delivery and appropriate soil and

climate (Urbano, 1992).

The crop rotation provides diverse nourishment to micro flora and fauna along
with recovering the nutrient elements that have been leached to different deeper
layers. Additionally, crop rotation increases the bio-diversity of flora and fauna of the
soil. Crop rotation which includes the legumes as one of its components reduces the
biotic stresses by life disrupting the life cycles, bio-remediation of pollutants,
enhances the biodiversity and biological nitrogen fixation (Dumanski et. al., 2006;

Kassam and Friedrich, 2009).
Minimal soil disturbance

Large quantities of fossil fuels is consumed by tractors when used for

ploughing which adds more cost as well as greenhouse gases emissions (mostly



CO2) thus playing major role in global warming (Grace et al., 2003). Conventional
animal-based tillage systems used in agriculture are also costly as feed, fodder and
maintenance round the year is expensive affaire for the farmers. Greenhouse gas
emitted by animals mostly the methane is potentially 21times more dangerous than
carbon dioxide (Grace et al., 2003). Zero-tillage is able to suppress these emissions
and costs. Farmers in Pakistan and India surveyed and it was find out that zero-till of
wheat preceding rice reduces costs of cultivation up to US$60 ha'! commonly due to
lesser fuel (60-80 L ha™!) and labour (Hobbs & Gupta 2004). Zero-tillage reduces
time for establishment of a crop. The practice of zero-tillage (minimum soil
disturbance) mean leaving 30% crop residue or stubble on the field even after the
harvest of crop (instead of throwing away) or incorporation of residues into the soil
from external sources. Reduced tillage practices includes less cultivation than any
other conventional system and also provides a better soil environment for crop growth
by increasing water along with reducing the quick dissolution of soil structure and
slowing the breakdown of organic matter in the soil, hence, making nutrients more

available to plants.

CA web of the FAO now involves ‘controlling in-field traffic’ as an element
of CA,; this is completed by having field traffic follow permanent tracks. This can also
be realized using a ridge-till or permanent bed planting system instead of planting on
the flat (Sayre & Hobbs 2004). Some farmer’s shares their feelings that sub-soiling or
chiselling is required for breaking the sub-surface compaction before adopting a Zero-
till strategy, particularly in rainfed areas. The biological processes in soil results in
stable soil aggregates also macro and micro pores, permitting air and water
circulation. These phenomena may be termed as “biological tillage” and it is not
harmonious with mechanical tillage. More is mechanical soil disturbance; less will be
biological soil structuring processes. Kassam and Friedrich (2009) reported that if the
soil disturbance is less than it helps in allowing adequate amount of respiration gases
in the root-zone, reduce organic matter oxidation, moderate soil water retention and
release and minimises weed population in crop field. Hobbs & Gupta (2003) reviewed
that taking time for tillage could also delay planting of crops on time, with yield
potential reduction. By using zero-tillage (ZT) crops can planted on time, and thus
helps to increase yields without greater cost of cultivation. Time consume in

ploughing in rice—wheat cropping system (RWCS) from rice to wheat varies from 22



to 45 days, since farmers used 10—12 passes of a plough to get a good seedbed. Time

taking process in tillage practices can be reduced with zero tillage.
Permanent or semi-permanent organic soil cover

When a former crop is left anchored, left after harvest, a cover crop (legume or
non-legume) is sown and ploughed leads to accumulation of crop residue in soil. On
the other hand composts and manures also can be applied externally, but cost involves

in the transportation of these bulky materials may limits their use in large areas.

Crop residue management has impact on crop productivity along with soil
fertility, human health and environmental health, thus, it plays a crucial role in the
cropping systems sustainability. Residue retention in field after harvest of crops plays
important role in nutrient cycling, soil physical properties maintenance and erosion
control (Unger et al., 1976). Beneficial effects associated with retaining crop residues
in field depends on many factors such as the residue quantity and quality, following
crop, soil factors, topography, soil management and climate. Crop residue reduces soil
temperature besides minimising diurnal fluctuation of temperature. In temperate
region crop residues lower soil temperatures, reduced crop growth and less grain
yields in spring-season crops. Standing crop residues causes reduction in wind speed
at the surface of soil, trapped snow, thereby increasing infiltration of water which led

to more moisture in the soil water content (Bockus and Shroyer, 1998).

A cover crop helps in reducing weed infestation by means of competing and
not allowing light to reach to the weed seed which is sometime requires for
germination. Some of the cereal residues were found allelopathic on weeds preventing
germination of seed (Steinsiek et al., 1982; Jung et al., 2004; Lodhi & Malik, 1987).
Practices which increase the microbial activities of bio-agents can also suppress the
weed seeds reported by Kennedy (1999). Bissett and O'Leary (1996) verified that
water infiltration into long term (8 to 10 years) CA (zero and sub-surface tillage with
left crop residue) was superior in comparison to conventional tillage (frequent
ploughing plus no residue cover) on a sandy loam soil and a grey cracking clay in
south-eastern Australia. Impact of crop residues and management practices on soil
nitrogen dynamics, soil quality and crop yield was reviewed by Kumar and Goh

(2000).
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The soil aggregates are destructed by the high energy raindrops hitting the
bare soil, leads to disruption, chocking of soil pores which further results in reduced
water infiltration, increased run-off and soil erosion. These negative impacts are
reduced by crop residues mulch which increases the infiltration and protect the soil
from erosion (Freebairn & Boughtonne, 1985; Dormaar & Carefoot 1996; McGregor
et al., 1990). Study in Paraguay recorded topsoil losses of 0.1 tonne ha™! only under
no-tillage whereas 46.5 tonne ha! under traditional tillage practice (Derpsch and
Moriya, 1999). No-tillage with mulch helps in reducing the surface soil crusting, run-
off and enhancing the water infiltration and yield than ploughed soils (Thierfelder et
al., 2005; Cassel et al., 1995). Accordingly, the crop residue cover on soil surface
reduces the wind erosion equally (Michels et al., 1995). When soils are left bare, the

dust bowl is a good reminder of the effects of wind and water erosion.

Combined with no-tillage cover crops helps in deposition of organic matter to
soil horizon (Roldan et al., 2003; Madari et al., 2005; Alvear et al., 2005; Riley et al.,
2005). Further the legume crops add nutrients and provide food substrate to microbial
agents which recycled important nutrients. Organic soil cover is safeguard for the soil
in contradiction of the damaging effects of contact to rain and sun; to deliver
continuous supply food to soil biota and modify the microenvironment for building up
soil biota. Consecutively it enhances soil aggregation, soil biodiversity and carbon

sequestration (Ghosh et al., 2010).
2.1. Research Area

The relevant materials for the first objective of the present study (research

area I) are given under following heads.
2.1.1 Soil moistureand temperature

A most important goal of soil and water management systems is to assure
water infiltration instead of runoff. This can be accomplished by improving soil
surface storage and refining the soils physical and hydro-physical assets (Brady and
Weil, 1999). The transformation of physical state instantly affects not only water
system but also aeration, biological properties and temperature status. CT offers an
opportunity to shelter over 30% of the soil surface by plant residues. This biological
mulch lessens runoff, escalates infiltration and declines the evaporation of the soils

water (Arshad et al., 1999; Rasmussen, 1999). The benefits of tillage decisions may
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comprise improved crop establishment, better infiltration and lesser runoff (Cogle et
al., 1997). The relationship between moisture and temperature is inversely
proportionate (Radke, 1982). Crop rotation can helps in enhancing the soil water
content and availability especially in rainfed agriculture (Benson, 1985; Roder, 1989).
A corn succeeding soybeans displayed better yield benefits, more water retention and
lowering the soil temperature over constant corn and particularly when tillage system
permits the crop residue of last season crop left on the soil surface (Mannering and
Griffith, 1998). Early season soil temperatures were greatly reduced when corn was

no-tilled following corn (Roth, 1996)

Surface residue reflects solar radiation to insulates the soil surface and reduce
the soil temperature (Van Wijk et al., 1959; Shinners et al., 1993). In spring, better
drainage and greater soil temperatures leads in enhanced seedbed conditions and soil
structure because of tillage (Mahboubi and Lal, 1998). Hence, computing the effects
of tillage on soil temperature, soil moisture, and compactness may support in
elucidating variations in plant growth and development in various tillage systems.
Reduction in soil temperature and slowing soil drying by insulating the soil surface by
residue cover in the spring season (Fortin, 1993; Kaspar et al., 1990) with declining
surface runoff and soil erosion (Cruse et al., 2001). Many scholars have revealed that
residue mulch aids to decrease soil water evaporation and enhances soil moisture

(Huang et al., 2005; He et al., 2011; Singh et al., 2011).

The tillage depth under CT makes the soil more porous resulting soil has
lower thermal conductivity (Sarkar and Singh, 2007). This change leads to greater
heat retention under CT. In addition, the higher soil temperature under CT may be due
to a surface difference. Under NT, the soil surface is partially covered by remnants of
straw from the previous crop, causing the soil to absorb less solar radiation during the
day (Wang et al., 2009). Overnight, the cause of the lower temperature in the NT
treatment may be due to loose soil (especially in the upper profile) which easily loses

the energy stored during the day (Wang et al., 2009).

Conventional agriculture led to soil organic matter reduction, increases water
runoff, soil erosion and degradation of soil physical, chemical and biological
properties (Thierfelder and Wall, 2009). On the other side, conservation tillage
practices like sub-soiling, tied ridging and ripping have the potential to mitigate intra-

seasonal dry spells and increase the soil moisture retention (Manyatsi et al., 2011).
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Conservation tillage have ability to conserves rainwater which is otherwise lost as
surface runoff, evaporation and through deep percolation in the magnitude of 70 to 85
% of rainfall in Sub Saharan Africa, hence makes it beneficial to the crops (Cornelis

etal.,, 2013).
2.1.2 Heat indices

The key climatic factors of crop production are air temperature, light, rainfall
and sunshine hours (Ekaputa, 2004; Orkwor et al., 1998). Nevertheless, the most
important parameter in all biological processes of yam production is the air
temperature (Girijesh et al., 2011). It affects the growth, phenology, development and
yield of yam most among the other climatic parameters in the tropical wet and dry
climate (Maduakor et al., 1984; Okoh, 2004, Inyang, 2005).Conversion of heat energy
to dry matter depends on crop type, sowing time and genetic factors (Sikder,
2009).The most eminent change is inclining in the climatic temperature as a result of
augmented levels of greenhouse gases. The global mean annual temperatures towards
the end of 20" century were nearly 0.7°C beyond than those documented towards the
end of the 19" century also is probable to surge further by means of 1.8 to 6.4°C by
2100 AD (Kaur and Rajni, 2010). The vital effect of high temperature is the

augmented physiological changes, subsequently hasten maturation and low yield.

Dynamic simulation models of crop growth are extensively utilized for
forecasting growth and harvest of crops, but these being very detailed models
prerequisite huge input data besides being highly difficult and complex in practical
situation (Whisler et al., 1986). Therefore, simplified models, with low input data
requirement, will be of great use. Agroclimatic models constructed on thermal indices
may possibly fulfil these goals. Therefore efforts have been done to predict phenology
(Hundal et al., 1997), leaf area index (Benbi, 1994), growth rate (Singh, 1996), yield
(Tripati et al., 1999), growth and yield (Hundal et al., 2003a, b) using thermal based
indices. Thermal time is an independent variable to describe plant development
(Dwyer and Stewart, 1986). It can be used as a tool for characterizing thermal
responses in different crops. Phenology of crop can be utilised to specify the most
appropriate date and time of specific development process. Time period of every
phonological stage defines the build-up and segregating of dry matter in various parts

(Dalton, 1967). The time interval of a specific growth phase is directly associated to
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temperature. The agroclimatic indices, viz., heliothermal units, growing degree days,

photothermal units, phenothermal index and heat use efficiency (Wang, 1960).

Occurrence of different phenological events during crop growth period in
relation to temperature can be estimated by means of composed growing degree-days
or heat units (Gouri et al., 2005). Knowledge of accumulated GDD can provide an
estimate of harvest date as well as crop development stage (Ketring and Wheles,

1989; Bonhomme, 2000; Wurr et al., 2002; Roy et al., 2005).

Growing degree-days only explain thermal requirement. However, light which
is a source of energy also play a significant role towards crop growth. Though
accumulation of growing degree days and photo thermal units are comparatively
constant and autonomous of crop variety, sowing date but it can alter significantly
(Phadnawis and Saini, 1992) for each developmental stage in crop. Pal et al. (1996)
reported that the growing degree-days and photothermal unit requirement differ from
crop to crop and also from genotype to genotype. The shifting of sowing dates
corresponds to fluctuations in temperature causing either lengthening or shortening of
the growth periods. Further, it was also found that in general a progressive delay in
sowing causes a decrease in GDD and PTU requirement of constituent phenophases

as well as for the crop duration.

A photothermal index (PTT) is equals to sum of the ratios of day length per 24
h period and multiplied by the total growing degree days (Masle et al., 1989).
Relative Temperature Disparity (RTD) is a linear or direct relationship between
temperature and growth of the plants. Heat use efficiency (HUE) depends on crop
type, genetic factors and sowing time and has great practical application (Rao et al.,
1999). The index helio thermal unit (HTU) helps in calculating effectively and
articulating the consequence of variable ambient temperature on the spell between the
phenological happenings for relating the crop reactions to the ambient temperature

(Rajput et al., 1980).

Slafer and Rawson (1994), Tewari and Singh (1993) observed that the
temperature has significant impact on duration of different phonological phases and
dynamics of leaf appearance. On the basis of contribution of crop canopy and

vegetative growth period to final harvest, it can be assumed that solar radiations and
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temperature are the driving force of agriculture production and photothermal quotient

(PTQ) use to describe their combined effects on plant growth.
2.1.3 Temperature and Humidity profile within canopy

Winter wheat canopy microenvironment in top, mid and lower layers was
dissimilar significantly (Han et al., 2013). In upper layer of crop canopy higher air
temperature was recorded under no-tillage. The influences of air temperature in the
mid and lower layers were comparatively little with tillage. Lower and higher relative
humidity was reported in conventional tillage and no-tillage respectively. To
understand the environment surrounding vegetation, it is necessary to consider how
sources and sinks of heat, mass and momentum are distributed within a canopy
(Elston & Monteith, 1975). In temperate climate, the daily amplitude of temperature
and humidity at bottom of dense planted crops is generally lower than that of
uncropped land because of shading (Shoubo, 1989). Shuttleworth et al. (1985) pointed
out that in tropical environments, during day light condition that temperature and
humidity in top 2/3" of the canopy and surrounding atmosphere was same, but these
properties in air at canopy base are intensely decoupled. Behaviour is opposite at
night and air at lower 2/3™ of the canopy is partially decoupled from that of higher
levels. In standing residue the air temperatures are higher at night though air is extra
humid over the day in a semi-arid climate utilising standing wheat stubble in cotton
crop (Hatfield and Prueger, 1996). Volkmer et al. (2004) observed in an experiment
that stubble significantly lowers the rate of air movement 25 cm above the soil surface
during early crop growth. The effects of stubble on air temperature were most evident
closer to the soil surface and decreased with the elevation above the surface. General
trend observed that stubble decreased air temperature comparative to the cultivated
treatment during night time and increased air temperature compared to the cultivated
treatment during the day. This suggested that higher canopy temperatures would
accelerate all processes associated with plant growth leading to higher plant
emergence rates, and greater mid-season vegetative biomass. It results in increased

yield potential through increased seeds per plant and increased seed weight.
2.1.4 Stomatal Conductance

The parameters such as the net stomatal conductance and CO: assimilation

rate associated with water use efficiency (WUE) can be measured by gas exchange
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methods. It has been observed in pearlmillet (Kholova et al., 2010b), soybean (Liu et
al., 2003) and wheat (Zhang et al., 2005) that stomatal regulation rather than stomatal
density effect transpiration rate in different genotype. Stomatal conductance controls
water efflux and CO: influx leads to regulation of photosynthetic rate and water loss
due to transpiration. Hence increase in biomass and yield potential are highly
correlated with water use. Bota et al. (2001) found that in well irrigated situations the
higher stomatal conductance support higher biomass/yield content. In rainfed
conditions Boogaard et al. (1997) found 20% higher WUE in different varieties which
had higher stomatal conductance compared to other varieties with the lower stomatal

conductance.
2.1.5 Transpiration rate

With help of appropriate crop and soil management practices (Huang et al.,
2005)especially straw  mulching (Albright et al., 1989) improves the
microenvironment and crop growth by enhancing the plant transpiration at the
expense of soil evaporation (Raeini-Sarjaz and Barthakur, 1997; Wang et al., 2009).
The crop residue and film mulch prevents evaporation of water and also helps in
maintaining the topsoil-water content reasonably constant by means of drawing the
water from deeper soil through vapour transfer and capillary forces (Wang et al.,
1998; Tian et al., 2003; Li et al., 1999). Therefore, in crop residue plots stomata being
more open than in the rainfed plots which help to increase the transpiration rate with
minute soil evaporation. This might have nurtured biomass build-up throughout initial
growth stages and enhanced plant development from seedling appearance to

physiological maturity.
2.1.6 Photosynthesis rate

Light regulates the life and provide energy for life. Fundamentally the quality
and quantity of light effect all physiological processes like emergence of seedlings to
fruit production. The photosynthetically active radiation (PAR) reflected from the
crop canopy was higher in short and tall stubble as compared to cultivated stubble
during crop establishment in initial 20 days after emergence (Volkmer et al., 2004).
Hortonne et al. (1995) observed in wheat crop that fallow increased fractional IPAR
(fIPAR) in both growing seasons and drought conditions but PAR interception in pea
was not affected by crop sequence. Ghanbari et al. (2010) found that intercropping
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had improved the quantity of absorbed PAR in comparison to sole maize crop. Soil
moisture storage under crop residue enriched together the IPAR and RUE, thus
considerably enhancing the grain yield because it encourages physiological processes
subsequently the soil dehydration episodes, resulting to enhance the plant growth and
grain yield (Deng et al., 2006). Li et al. (2006) showed that chlorophyll contents and
net photosynthetic rates increased with conservation practices such as zero tillage and
sub-soiling tillage as compared to conventional tillage. In contrast, Jiang et al. (2006)
found that the net photosynthetic rate of conventional tillage is higher than those of
the other two types of the minimum tillage. Evans et al. (1994) observed that some
plants are able to change their leaf anatomical characteristics and CO2 conductance to

maintain photosynthetic rates at low leaf water status.
2.2. Research Area 11

The relevant literatures to the second objective of the present study are given

under following heads.
2.2.1 Leaf water potential

Leaf water potential (energetic status of water inside the leaves cells) measure
water deficit or water stress to crop plants (Slatyer & Taylor, 1960). Kramer & Boyer
(1995) found that leaf is correlated to numerous physiological variables for instance
leaf growth, turgor pressure, stomatal conductance, transpiration, photosynthesis and
respiration. Water movement occurs from higher to lower water potential
gradient. This movement along the potential gradient got the free energy so that such
a flow has the potential to do work.The responses of plants are dissimilar toward the
moisture stress both in their leaf water potentials and in photosynthetic performance
in relation to reduced leaf water potentials (Kumar and Tieszen, 1980). Kumar and
Tieszen (1980) found that stomata are affected by low leaf water potential hence
supresses the productivity nevertheless low water potential due to rise in temperature
may subordinate photosynthetic rate by dropping both mesophyll and stomatal
conductance. Plant water stress response are measured based on dependable
parameter like leaf water potential. Wheat genotypes in drought stress showed
variations in leaf water potential substantially (Singh et al., 1990). Change in osmotic
pressure, the osmotic component of water potential leads to changes in plant water

potential.
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Increases on the water availability in no-till soils may allow to several plant
responses. Bianchi et al. (2003) observed higher values of leaf water potential in no-
tillage than conventional tillage in maize crop, irrespective of the irrigation levels.
Dalmago et al. (2003b) recorded the higher amount of available water into the no-till
soil. In many crop species, including snap bean, even small diurnal fluctuations in leaf
waterstatus at anthesis can adversely affect the activity of reproduction structures
(Tsukaguchi et al., 2003; Weaver and Timm, 1988; Kuo et al., 1988; Saini and
Aspinall, 1982). Coyne et al. (1982) found that a steeper leaf water potential gradient
from soil to plant enhance capacity of the plants to extract soil water at low soil water

content.
2.2.2 Relative water content (RWC)

The leaf relative water content (RWC) is a superior indicator of water status
than water potential (Sinclair and Ludlow, 1985). Leaf water content plays the role of
indicator of plant water equilibrium since it articulates the relative amount of water
existing in the plant tissues. The relative water content controls the turgor pressure
inside leaf tissues which helps to maintain the leaf activities leads to higher
photosynthesis. Water content measurements expressed on the basis of dry or fresh
tissue masson the maximum amount of water a tissue can grasp which is termed as
relative water content (Barrs, 1968). Numerous studies have concentrated on
developing suitable techniques to measure the RWC (Weatherley, 1950; Catsky, 1967;
Barrs and Weatherley, 1962). Photosynthesis, NOs reduction, protein synthesis and
leaf senescence are better correlated with tissue relative water content (Sinclair and
Ludlow, 1985). Decrease in relative water content was strongly and linearly
correlated with the reduction in the yield attributes and seed yield, indicating that
cultivars with a less reduction in relative water content showed a less reduction in

yield attributes and seed yield due to drought stress (Omae et al., 2007).
2.2.3 Leaf area index (LAI)

The leaf area index (LAI) is a key biophysical parameter of crop canopies. It is
the over-all area of leaves/unit ground area. It is a unit less quantity which is very
vital for biogeochemical cycles since many crop growth functions such as radiation
attenuation are determined and controlled by it along with canopy water interception

for gas exchange and interception and absorption of IPAR and RUE. Alteration in leaf
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area of a crop canopy may modify crop productivity and photosynthesis rate toa larger
extent therefore it has a large impact on crop yield. Maize grain yield was found
strongly correlated with LAI by signifying the prominence of green leaf area for the
upkeep of higher crop yields (Bavec and Bavec, 2002; Kamara et al., 2003). Leaf area
index (LAI) measurements are required for critical to various features of crop growth
and development (Williams et al., 2000). As a result, LAI is a crucial variable in
modelling of agricultural quantitative measurements (Baez-Gonzalez et al., 2005) and
investigation of water utilization, foliage density and crop growth (Tewolde et al.,
2005). For best light interception the early reproductive stage of soybean requires at
least 3.5 of LAI (Board and Harville, 1993; Board and Tan, 1995). Verma and
Acharya (1996) reported the LAI was better in CT and minimum tillage with Lantana
camera mulch. Aikins et al. (2012) found no noteworthy influence of tillage practices
on maize leaf area index except for the one and four weeks after planting respectively.
The treatment of disc harrowing after 10 weeks of planting produced superior leaf
area index over disc ploughing treatment. Board and Harville (1993) observed
positive correlation between LAI and grain yield of soybean. There is close
association between total dry-matter and grain production in plant. Relations and
functions are established to permit the comparisons of crop growth rates above
diverse environments and theses collectively known as growth analysis. Hunt (1978)
observed that dry-matter accumulation rate (crop growth rate, CGR) is the
combinations of leaf area index (LAI) and dry-matter assimilation rate (net
assimilation rate, NAR). LAI is a good indicator of differences in growth conditions
and may be used to determine yield potential during the different vegetative growth
stages (Agenbag and Maree, 1991). LAI is important to understand different phases of
crop growth, development and management (Williams et al., 2000). Legume leaf
mulch caused significant increase in leaf area indices by 21% in cassava and 10% in
sweet potato than plants which are grown without mulching (Sangakkara et al., 2004).
Dalirie et al. (2010) found that the decline in LAI following the flag leaf stage might
be ascribed by aging and yellowing of leaves, leaf senescence and thermal stress at

later growth stages.
2.2.4 Plant height

The tillage practices affect the plant height and stem diameter during the
growing period. Lampurlanes et al. (2001) reported that no-tillage is potentially found
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superior for semi-arid regions since it maintained larger water content and greater
growth of root especially in years of low rainfall. Varsa et al. (1997) observed that
tillage systems affects the soil physical properties which further have direct or indirect
impact on the shoot and root systems of the crops. Van Beem et al. (1998) found the
effect of tillage on root capacitance in dry season that signifying superior root
biomass. When the top soil remains untilled the root and shoot mass increases (Ball-
Coelho et al., 1998). Robertson et al. (1993) found the root growth is very important
for crops, consumptive use of water and subsequent crop growth and yield under
limited water conditions. Soil management practices such as tillage are very critical
which are having greater impact on growth of root and shoot (Mosaddeghi et al.,
2009). The positive impact of conservation practices like ridges and furrows for
enhancing the plant height and yield attributes of sorghum, cowpea, Bengal gram and
sunflower (Somasundaram et. al., 2000). Earlier researchers specified that tillage
systems affects the temporal and spatial modifications in soil structure affecting the
wheat root characteristics underneath numerous irrigation, soil and climatic
circumstances (Munoz-Romero et al., 2010; Martinez et al., 2008; Huang et al.,
2012). No-tillage improved the soil bulk density and penetration resistance paralleled
to conventional plough tillage and rotary tillage in upper layer of the soil and
considerably affected the spatial and temporal pattern of root weight density through
the 0-110 cm soil profile. The conventional plough tillage and rotary tillage
considerably enriched the root weight density in comparison to no-tillage in the initial
growth stages (before grain filling stage); no-tillage indicated healthier root weight
density in advanced growth stages. Underneath standard water supply state these
outcomes are constant (Pearson et al., 1991; Munkholm et al., 2008). Conservation
tillage along with organic matter/crop residue improved root spread and root length
diameter (Ishaq et al., 2001; Aggarwal and Goswami, 2003 and Kadzinene et al.,
2011). Root length density of wheat was higher in bed plantation up to 30 cm as
compared conventional system (Aggarwal et al., 2006). Around 70% of root length
density and 76-82% of root surface area was confined upto 30 cm of soil in both

systems.
2.2.5 Chlorophyll content

Spaner et al. (2005) observed that chlorophyll meter readings were influenced

by tillage practices and soil moisture availability. There are various factors
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responsible for variations in chlorophyll content other than water stress that could be
nutrient deficiency, atmospheric pollution, nutrient toxicity, phonological status of the
plant, radiation stress and plant diseases (Ceccato et al,. 2001 and Larcher, 2003). The
coupled soil moisture deficit and deprived soil fertility directly affects the biophysical
parameters like chlorophyll, relative water content, chlorophyll stability index, proline
and ultimately the harvest of rainfed crops. Moderately harsh conditions prevent
chlorophyll synthesis in wheat further uninterrupted deficiency of water leads to
destruction of leaf chlorophyll (Singh et al., 1985). The altered activities of enzymes
like nitrate reductase and drop in the flux of nitrogen leads to loss of chlorophyll
content in the leaves (Begaum and Paul, 1993). Similarly Thomas et al. (2005) found
that high chlorophyll content might also contribute to higher photosynthetic rate.
Positive correlation between chlorophyll content and photosynthesis rate was reported
in previous findings. Chlorophyll colouration is directly related to the amount of

nutrients absorbed by the plant from the soil (Follet et al., 1981).
2.2.6 Radiation use efficiency

In plant growth determination solar radiation is the key factor. According to
Monteith (1994) relation among the solar radiation captured by the crop and its
biomass production rate is called radiation use efficiency. Radiation use efficiency
(RUE) defined as the amount of dry biomass above ground or total dry matter
produced per unit intercepted photosynthetically active solar radiation. Further it is
defined as the efficiency by which the captured radiation produces new material
(Black and Ong, 2000) and this parameter have been used in simulating the growth of
various microbial cultures (Albrizio and Steduto, 2005). RUE has been considered to
be constant for a given crop species (Yang et al., 2004; Sinclair, 1986), but it vary
during plant growing seasons (Werker and Jaggard, 1998; Lecoeur and Ney, 2003)
and is mostly dependent on climatic parameters like abiotic stresses can significantly

reduce both the interception of photosynthetically active solar radiation and RUE.

Yield is determined by the intensity and the quality of solar radiation
intercepted by the canopy. According to Kahle et al. (2003), approximately 50% of
the solar radiation lies in the infrared region, about 40% in the visible region and
about 10% in the UV region. Solar radiation provides energy for carbon assimilation
of plant canopies and for evaporation. Capability of interception of incoming radiation

and conversion of it into biomass determines the crop growth in the field conditions
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(Gifford et al., 1984). Long et al. (2006) suggested that photosynthesis and yield
potential could be improved up to 50% through changes in the efficiency of light
interception as well as light utilization. The important impression of double cropping
on the resources capture specifies the variance between storable (water) and non-
storable resources (radiation) and water use efficiency was thoroughly linked with
radiation use efficiency (Carriglia et al., 2004). However, differences in biomass
accumulation were observed due to differences in radiation interception, which varied
primarily due to differences in LAI (Lindquist et al., 2005). Solar radiation
interception and efficiency of conversion of intercepted light in to dry matter by
plant’s leaf, affects the crop biomass production. Leaf area index and cropping
geometry determines the absorption of incoming photosynthetically active radiation
(Plenet et al., 2000). Scopel et al. (1998) observed the effect of the mulch on radiation
in their experiment and found that interception was significant and varied with residue
quality and with the percentage of soil cover. Muchow et al. (1993) found that
underneath optimum circumstances of water availability, the radiation use efficiency
(RUE) rests almost persistent during most of the plant growth cycle and demonstrates
no effects due to local atmospheric conditions. Factors such as air temperature, vapour
pressure deficit and water stress are the most common elements which affect the
RUE. However, crop productivity is not entirely dependent on resource capture
during the growing season but also on resource use efficiency (Azam-Ali et al., 1994;
Yang et al., 2004). Maize is C4 crop having high WUE and RUE and in the study the
RUEDwm varied from 2.7 to 3.4 g /MJ (depends on the water management treatments),
within the range (2—4.3 g/ MJ) reported in earlier studies (Yang et al., 2004; Andrade
etal., 1993).

2.2.7 Biomass and yield

Moreno et al. (1997) recorded that there were marginally higher yields in
wheat and sunflower in the conventional treatment (CT) than in the traditional tillage.
Further they summarised that when the precipitation is far below the normal, CT
appears highly effective in improving soil water recharge and water conservation. No-
tillage + crop residue management practices were potentially better than tillage for dry
land crop production (Baumhardt and Jones, 2002). Zhang et al. (2006) observed that
improved soil tilth, particularly in the seeding depth has a tendency to encourage root

growth and seedling development. Weed control, soil improvement, optimum use of
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water resources and greater crop yields may enhanced by using correct tillage
methods (Hanna et al., 2009). Corn grain yield and root length index can be
considerably enhanced by deep ploughing up to the depth of 30 cm (Arora et al.,
1991). Diaz-Zorita (2000) observed higher crop growth and grain yield because of
deep tillage over no-tillage plots. Overall reduced grain yield was obtained due to
severe weed population pressure under conservation tillage system (Nakamoto et al.,
2006; Blaise and Ravindran, 2003; Keeling and Abernathy 1989). Appropriate tillage
practices and weed management improved spatial dispersal of plant roots, water
availability and nutrients uptake, therefore finally enhanced productivity (Nakamoto
et al., 2006; Singh and Malhi, 2006). Tolk et al., (1999) found that the diverse dry
land crops like sorghum, maize, mungbean and soybean sown with zero-tillage with
suitable mulch produced higher grain yield analogous with or higher than (especially
in drier period) those obtained from conventional tillage practice. Aslam et al. (1993)
established that zero-tillage produced 10% higher wheat grain in comparison to
farmers’ practices of minimum three ploughings with planking in rice based crop
rotation in Pakistan. Zero-tillage and crop residues retention on surface of soil
increased the organic matter content in cultivated soil (Lal et al., 2002; Dalal and
Chan, 2001; Heen and Chan, 1992) and was more beneficial for dry land crop
production (Baumhardt and Jones, 2002) due to soil moisture conservation

(Lampurlanes et al., 2001).

Domua et al. (2009) observed the lowest yield of wheat in monocrop and
higher yield in wheat-maize-soybean crop rotation after using the irrigation along
with improved microenvironment conditions. Moreover, grain yield and quality are
usually higher in diverse crop rotations. Crop rotation enhanced soybean yields by
16% in comparison to monoculture soybean (Kelley et al., 2003). Soybean seed
weight was considerably higher when grown in rotation in most of the years as
compared to monoculture of soybean. Fischer et al. (2002) reported persistent higher
grain yield of wheat under vetch wheat system as compared wheat after maize and
equally greater yield was obtained in the wetter years over drier ones because plant
water stress. Besides, the high transpiration in crop plants leads high stomatal
conductance and intense photosynthesis resulted greater production of carbohydrates

for the grain filling under no-tillage system (Dalmago et al., 2003c¢).
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2.3. Research Area II1

The relevant materials to the third objective of the present study (research area

II) are given under following heads.

2.3.1 Crop Evapotranspiration

The straw on the surface of soil may reduce the evaporation by 30% in zero-
tillage in comparison to conventional tillage (Morote et al., 1990; Bragagnolo et al.,
1990; Salton et al., 1995). The reduction in evaporation would be the main cause of
higher water availability to plants in no-tillage. According to Kjaersgaard et al. (2008)
awareness about crop water requirement is necessary for irrigation scheduling and
agricultural water management in hydrological research and field management. Crop
water requirement directly related to an accurate estimation of crop evapotranspiration
(ETc) which depends on crop -characteristics and its developmental stages,

environmental conditions, weather parameters and management practices.

ETo can be estimated by many methods (Jensen, 1971). According to
Hargreaves and Samani (1985) ETo measurement methods ranged from simple
equation that requires limited meteorological data to the complex energy balance
equations (Allen et al., 1998). Determination of crop evapotranspiration (ETc)
includes various measurement (direct) and modelling (indirect) techniques. Tyagi et
al. (2000) said that an accurate estimation of crop ET is an important factor for
efficient water management. Field water balance equation is commonly used to
measure total water use or actual crop water requirement when lysimeter is not
available (Prihar and Sandhu, 1987; Bandyopadhyay and Mallick, 2003; Kar et al.,
2007). Direct measurement methods of ET. are costly and involve hard work and
results apply only to the some exact or in similar conditions or place where they are
measured.

The indirect estimation using the FAO-56 model (Penman-Monteith approach,
Allen et al., 1998) has often been used because it requires only crop phenological data
and standard weather parameters which can be easily obtained. According to Allen et
al. (1998) the FAO Penman-Monteith method was developed by defining as
hypothetical crop with an assumed height of 0.12 m, surface resistance of 70 sm™' and
an albedo of 0.23, closely resembling the evaporation from an extensive green grass
surface of uniform height, actively growing and no shortage of moisture. This method

provides values that are more consistent with actual crop water use data and
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overcomes the shortcomings of the FAO-24 Penman method (Doorenbos and Pruitt,
1977). The FAO-56 Penman-Monteith model is the most precise one for its good
results when compared with other models in various parts of the world (Gavilan et al.,
2006; Garcia et al., 2004; Chiew et al., 1995).

The semi-empirical FAO-56 model used to calculate plant transpiration and
soil evaporation based on specific crop coefficients and water balance method. The
crop coefficient method has been used to calculate crop water use and irrigation
requirements of a various agricultural crops under different climatic conditions
(Abdelhadi et al., 2000; Poulovassilis et al., 2001; Zhang et al., 2004; Howell et al.,
2004; Kar et al., 2005; Bodner et al., 2007). Doorenbos and Kassam (1979) said that
crop coefficient (Kc¢) established relation between evapotranspiration and climate for
most agricultural crops which is the ratio of crop evapotranspiration (ET.) to reference
evapotranspiration (ETo).

Modified FAO-56 method prefer to calculate actual crop evapotranspiration
(Allen et al., 1998) due to its accuracy compared to other previous methods (Jensen et
al., 1990) and the single and dual crop coefficients (Allen et al., 1998) are used to
assess its magnitude .This method provide ET. more accurately and overcomes the
shortcomings of the previous FAO-24 Penman method.
2.3.1.1 Crop coefficients

Jensen (1968) introduced crop coefficient (Kc) concept and further improved
by the other scientists (Doorenbos and Pruitt, 1977; Burman et al., 1980; Allen et al.,
1998).

The crop coefficient K¢ is needed to estimate ET. which give crop- specific
water use and also used for accurate estimation of irrigation water requirements. The
crop coefficient used to describe the physiological and morphological characteristics
of the crop and the cultural practices used in field. Each crop has specific crop
coefficient, crop evapotranspiration varies due to the season because morphological
and bio-physiological characteristics of the crop change with time. Tarantino and
Spano (2001) said that the FAO and WMO (World Meteorological Organization)
experts have summarised the crop characteristics in the “‘crop coefficient curve’’ to
identify the values of K. corresponding to the different crop development and growth

stages.
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K values for most agricultural crops increase from seed germination and reach
at maximum at mid-season stage full canopy cover and then declines in late season
stage. Crop growth characteristics are primarily responsible for this declination
(Jensen et al., 1990). The FAO-56 paper give a method to calculate Etc with help of
three K. values that are appropriate for four crop growth stages for a large number of
crops. Single crop coefficient combined the effect of crop transpiration and soil
evaporation in a single crop coefficient while in dual crop coefficient method ET. is
determined by splitting K. into two different coefficients i.e. the basal crop coefficient
(Keb) for crop transpiration and soil water evaporation coefficient (Ke) for soil
evaporation. Where soil evaporation is not a large component of crop
evapotranspiration, use of single crop coefficient approach will provide good results
(Allen et al., 1998). Majority of the studies considers single crop coefficient approach
due to its simplicity. Dual crop coefficient used less frequently where the crop
transpiration and soil evaporation are determined separately (Lopez-Urrea et al.,
2009; Casa et al., 2000).
2.3.1.1.1 Single crop coefficient approach

According to Grattan et al. (1998) various experiments and research have been
carried out to make K¢ use operational worldwide and to determine the average value
of K¢ which may take in the course of the season over the years. The Kc values are
affected by various factors that affect soil water status like the irrigation method and
frequency (Doorenbos and Pruitt, 1977; Wright, 1982), the soil characteristics, the
weather factors and the agronomic techniques that affect crop growth (Stanghellini et
al., 1990; Tarantino and Onofrii, 1991). The crop coefficient values are different at
various growth stages of mustard. Kar et al. (2007) found K. values of 0.39, 0.92,
1.31 and 0.42 were achieved at initial, development, mid season and late season,
respectively at Bhubaneswar for mustard crop. Kc values have increasing trend from
initial to mid season stage than after decreasing trend due to crop toward
physiological maturity. According to Kumar et al. (2012) initially slow increase in
the Kc values from 0.3 to 0.6 can be attributed to slow increase in LAI from below 0.2
to near 0.8 during initial period than peak K¢ values around 1.12 during mid season
stage because LAI also reached peak value around 1.5 during this period (41%%-70"
DAS) and in the late season stage starting from 71 to 90 DAS crop coefficient rapidly
decreased to 0.35 with fast decline in LAI value (0.8).
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Miranda et al. (2006) found a 3-14 % higher average K¢ value for tabasco
pepper during the mid-season stage than that reported in the FAO-56 publication.
Other evapotranspiration studies carried out for melon and watermelon also showed
that the average crop coefficients during the mid-season stage was close to 1.2 and 15
% higher than the K. values recommended in the FAO-56 paper (Miranda et al., 1999,
2004; Bezerra and Oliveira, 1998). Kar et al. (2007) revealed that during the crop
development and maturity stages of oilseed, the estimated K¢ values were 11-23 %
higher than the values reported by the FAO-56 paper. According to Bandyopadhyay
and Mallic (2003), during the wheat crop development and end growth stages, the
estimated K. values were 15 and 23 % higher, respectively, than the values reported
by the FAO-56, although the values of the initial and mid-season stages were

identical.

2.3.1.1.2. Dual crop coefficient approach

An evaluation of water lost by direct soil evaporation from crop plants needs
separation of total crop evapotranspiration into plant transpiration and soil
evaporation components. Williams et al., (2004) said that direct and separate
measurements of soil evaporation and crop transpiration have been successfully
obtained, but difficult to employ. Dual crop coefficient method can be successfully
used for detailed soil and water balance studies (Allen et al., 1998). Lopez-Urrea et
al,(2009) reported that the evapo-transpiration measured with dual crop coefficient
approach is more rational than the single crop coefficient in onion grown under semi-
arid climatic conditions during the whole crop cycle. For FAO-56 dual crop
coefficient application required proper evaluation of Kcb value during entire crop
growing period. Raki et al., (2007) reported that the calculated Kev values for winter
wheat at mid season stage was considerably lower than the value suggested by FAO-

56.

FAO-56 dual crop coefficient method determination requires a number of
parameters that may not be accessible in field measurements (Hay and Irmak,
2009).Hay and Irmak (2009) said that dual crop coefficient method resulted in good
estimates of seasonal ET. for wheat and maize, while the performance was less
reliable on a everyday basis. When dual crop coefficient was used to calculate
evaporation and transpiration the addition of values of evaporation and transpiration

for onion was substantially lower than ET values obtained with help of lysimeter
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(Lopez-Urrea et al., 2009) because of an underestimation of the transpiration from
crop and evaporation from soil which were corrected when the lysimetric measured

values of Kcb and Ke were used.

2.3.2. Water use efficiency

Crop yield response to irrigation water input can be helpful for various water
management practices in the crops. Water production functions for various agronomic
crops are used for optimal water use. Hexem and Heady (1978) observed that water
production functions relates yield to applied water for the calculation of crop water
requirements by irrigation water in addition to available soil moisture and rainfall.
Vaux and Pruitt (1983) combined the yield of a given crop to cumulative ET as a
linear function. Doorenbos and Kassam (1979) introduced the yield response factor to
describe the relationship between ET deficit and yield reduction. Water use efficiency
(WUE), whereWUE4Y=ET, described the water used by the crop for grain yield
production, and has been often taken as a useful comprehensive index (Hunsaker et
al., 1996; Wang, 1987; Turner, 1987; Eck, 1986). For sorghum a linear relationship
was observed between grain yield and ET by Garrity et al. (1982) and found that the
intercept of the ET governs whether WUE decreases or increases with ET deficit.

Singh and Bhushan (1980) observed that the addition of nutrient like P to
chickpea (Cicer arietinum L.) increased WUE. The WUE was increased from 8.5 to
12.2 kg/ ha/mm at 0 and 100 kg P/ha respectively. This gain was due to a greater
consumption of soil water with fertilizer and a yield increase. Zhang et al., (2000)
observed that the average water use efficiency and potential transpiration efficiency
for lentil and chickpea were lower than those for cereals. Lower seed yield was
associated with low water use efficiency in the study. Brown et al, (1989) observed
that Chickpea survived under drought stress by maximizing its root water uptake
through continuous root growth from seed germination to grain-filling and by
continues substantial water uptake until the fraction of extractable moisture in the root
profile falls to 0.4.

Semiarid region have the potential to improve WUE because water vapor
gradient between plants and the atmosphere is small and evaporation rates may be
reduced (Tanner and Sinclair, 1983). The different forms of relationships that have
been used to characterize water use efficiency summarized by Tanner and Sinclair

(1983). Similarly earlier summaries developed by Unger and Stewart (1983) and
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Power (1983) provided a strong base for describing the role of soil management on
WUE.

According to Hatfield et al. (2001) most of the research that forms the
foundation for understanding the relationships among precipitation, soil moisture,
crop water use, and crop response has been carried in semiarid regions and it was said
that semi-arid region may have the most potential for improvement in WUE, which
was due to less vapour gradient between plants and the atmosphere and evaporation
rates may be deducted (Tanner and Sinclair, 1983).

Increasing the soil moisture availability in the absence of other crop growth
and yield-limiting factor can lead to increased WUE (Hatfield et al., 2001). Wheat
yield enhanced from 1000 to 3000 kg ha'!' as available soil moisture increased from
220 to 400 mm (Good and Smika, 1978). Farahani et al. (1998) observed that the
improvement in efficiency was possibly due to less use of fallow seasons and using
water for crop growth that otherwise would have lost by runoff, evaporation or deep
percolation during fallow field. Application of phosphorous also improved the yield,
water use and WUE of chickpea (Singh and Bhushan, 1980), possibly because of
greater utilization of soil water with fertilizer and corresponding yield increase
associated with low seed. Water use efficiency of field crops can increased through
proper irrigation scheduling by providing only water that matches the crop
evapotranspiration and providing irrigation at critical growth stages (Eck, 1984;
Wang, 1987; Turner, 1987, Wang et al., 2001; Hunsaker et al., 1996; Kipkorir et al.,
2002; Norwood and Dumler, 2002; Kar et al., 2005)

A study was conducted during 1998 to 2000, to evaluating crop water use and
soil-water extraction by Kabuli chickpea by Anwar et al., 2003. The response of three
cultivars to eight irrigation treatment in 1998-99 and four irrigation in 1999-2000 at
different crop growth stages were studied on Wakanui silt loam soil moisture in
Canterbury, New Zealand. Crop evapotranspiration was computed from soil moisture
data monitored though a neutron moisture meter and water use efficiency (WUE) was
calculated at crop physiological maturity. There were highly significant interacting
effect of sowing date, cultivar and sowing date on WUE and the trend was similar to
that for grain yield. The calculated WUE varies from 22-29 kg dry matter/ ha/ mm
and 10-13 kg seed yield /ha/mm water use. Zhang et al. (2000) said that despite the
importance of water use by legumes, little attention has been given to the pattern of

water use and the water-seed yield relationship of legumes.
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High water use efficiency (WUE), capacity of the plant to produce dry
matter/unit of water is a genetic character, dependent on transpiration rate (T) and
photosynthetic rate (Pn) and, is very crucial for crop productivity under water stress
condition. Since low photosynthetic efficiency is believed to be one of the major
constraints in achieving high yield (Thurling,1992) because enhancing photosynthetic
efficiency resulting higher yield.

Seed yield is also limited by the relatively shorter duration of crop growing
season and the soil water deficits during the productive phase. The contribution of
photosynthesis of pods to the seed yield in Brassicas is about 70%, therefore,
genotypes with high WUE during this phase would be highly desirable. Generally
water use efficiency and evapotranspiration are the measurement of Water
consumption in crops (Cantero-Martinez et al., 2007; Zhang et al., 2008; Katerji et
al., 2008), meanwhile 99% of the water utilized by the crops is freed to the air as the
water vapor (Katerji et al., 2008). In water scared regions, the efficient utilization of
the available water for the agricultural production is need as the limited resources of
water are shirking (Zhang et al., 2008; Cantero-Martinez et al., 2007). In dryland
systems rain is only source of water hence judicious use of rainfall is measured in
terms of WUE which is having great impact on crop management, (Hatfield et al.,
2001). Capitalization of WUE is a vital concern for semi-arid land tropics (Gregory,
1989). WUE of crops and availability of water depends on soil management practices
(Hatfield et al., 2001). In the great plains of the USA in the fallow period 75%
precipitation was lost, with improved 16-25% effectiveness of zero tillage for soil
water storage (Farahani et al., 1998). As compared to conventional tillage, in
conservation tillage, the WUE was 13% higher for the winter wheat (Du et al., 2000).
Bouzza (1990) recorded that water storing improved by 50 to 85 mm due to surface
application of straw in comparison to deeply incorporated straw. The zero-tillage +
crop residue management is potentially found better than tillage for dryland crop
production (Baumhardt and Jones, 2002). As it maintained more root growth and
higher water content in the soil especially in years of low rainfall (Lampurlanes et al.,
2001). Additionally, standing residue reported to trap snow, improve water
infiltration, and intensify soil water storage (Aase and Siddoway, 1990). Soil water
storage found to increase by surface residues forming mulch as it enhences water
infiltration and decreases evaporation (Greb, 1966; Ramig et al., 1983; Schillinger
and Boltonne, 1993; Bonfil et al., 1999; Halvorson et al., 1999; Hatfield et al., 2001;
Lafond et al., 2006).



3. Materials &I Method

In order to achieve the objectives of the present investigation, field experiments were
conducted during the kharif and rabi seasons of 2014-15 and 2015-16 under maize-
wheat and pigeon pea-wheat cropping systems respectively at the research farm of
ICAR-Indian Agricultural research Institute (IARI), New Delhi. The details of the
materials and methods adopted during the course of investigation have been presented

in this chapter.
3.1 Field experiments
3.1.1 Location of the experimental farm

The present study was carried out in the experimental field of ICAR-Indian
Agricultural research Institute (IARI), New Delhi, India which is stretching from
28°35' N latitude to 77°12" E longitude at an altitude of 228.16 m above mean sea
level. The field had fairly levelled topography.

3.1.1.1 Climate

Climate of New Delhi is sub-tropical and semi-arid with warm and dry
summer and cold winters, comes under ‘Trans-Gangetic Plains’ agro-climatic zone.
The hottest months (May and June) during summer have daily mean maximum
temperature remains in the range of 40°C- 46 °C most of the days while temperature
decreases from September onwards. The all time record of highest daily maximum
temperature (46.8 °C) was recorded on 29" May, 1998. In January daily mean
minimum temperature ranges around 5 °C to 7.5 °C, it is the coldest month in winter
season. The all time lowest daily minimum temperature (-1.4°C) was recorded on 9"
January, 2006. Annual mean rainfall is around 710 mm and the wettest months are
July and August. Maximum rainfall around 80 per cent of the annual rainfall is
received from July to September during south-west monsoon period (normal date of
arrival of monsoon at Delhi is 29" June). The rest amount is received through
“Western Disturbances” during winter months (December to February) and some
local convections during pre-monsoon months (March-June). However, air remains
dry during most part of the year. The monthly mean relative humidity ranged between
35% (June) and 94% (December). Monthly mean wind velocity varies from 3.5 km
hr'! in October to 4.4 km hr''in April. Air remains dry during most part of a year. Pan
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evaporation varied between 3.5 to 13.5 mm day’! and reference evapotranspiration

varies from 9-15 mm day.
3.1.1.2 Soil

The soil of the experimental site belongs to Indo-Gangetic alluvium soil
group. The soil belongs to order Inceptisols having sandy clay loam (fine loamy,
illitic, Typic Haplustept) in upper 30 cm layer and loam below with weak to medium
angular blocky structure. The soil was neutral in reaction, non-calcareous and poor in

available N, and medium in available P and organic carbon.
3.1.1.3 Detail of field experiment

Long term conservation agriculture (CA) experiments were initiated in May
2010 at the research farm of the IARI, New Delhi on an alluvial sandy clay loam soil
(fine loamy, illitic, Typic Haplustept) with maize-wheat and pigeonpea-wheat
cropping system. The surface (0-15 cm) soil of the experimental site had pH 7.7,
Walkley-Black organic C 5.2 g kg'!, KMnO4 oxidizable N 182.3 kg ha!, 0.5 M
NaHCO:s extractable P 23.3 kg ha'! and 1 N NH4OAc extractable K 250.5 kg ha™'.

3.1.2 Cropping systems

Two long term conservation agriculture (CA) experiments were initiated at the
research farm of the ICAR-IARI, New Delhi, India on an alluvial sandy clay loam soil
(fine loamy, illitic, Typic Haplustept) with maize-wheat and pigeon pea—wheat
cropping systems. Maize (Zea mays L.) variety BIO 9637 was sown on 5" July during
kharif 2014 and wheat (Triticum aestivum L.) variety CSW 18 was sown on 10"
November during rabi (2014-15) in maize-wheat cropping system. In kharif 2015,
Pigeonpea (Cajanus cajan L.) variety Pusa 992 was sown on 30" May and wheat
(Triticum aestivum L.) variety HD 3117 was sown on 11" December during rabi,

2015-16 in the pigeon pea-wheat cropping system.
3.1.3 Treatment details

The field experiment was carried out with seven treatments i.e. conventional
tillage (CT), permanent narrow-bed without residue (PNB), permanent narrow-bed
with residue (PNB+R), permanent broad-bed without residue (PBB), permanent
broad-bed with residue (PBB+R), zero tilled flat bed without residue (ZT), zero tilled
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flat bed with residue (ZT+R). Layout of field experiment was randomized block
design (RBD) with three replications.

Table 1: Treatment description in maize-wheat and pigeonpea-wheat cropping

systems.
Treatment | Tillage Type of bed Residue retention
CT Conventional Flat beds No
tillage
PNB Zero tillage | Permanent narrow bed No
(PNB; 40 cm bed and 30
cm furrow)

PNB+R Zero tillage | Permanent narrow bed | Yes, wheat residue in
(PNB; 40 cm bed and 30 | pigeonpea/maize and
cm furrow) pigeonpea/maize residue

in wheat
PBB Zero tillage | Permanent broad bed No
(PBB; 110 cm bed and
30 cm furrow)

PBB+R Zero tillage | Permanent broad bed | Yes, wheat residue in
(PBB; 110 cm bed and | pigeon pea/maize and
30 cm furrow) pigeonpea/maize residue

in wheat
7T Zero tillage Flat beds No

ZT +R Zero tillage Flat beds Yes, wheat residue in

pigeonpea/maize and
pigeonpea/maize residue
in wheat

3.2 Intercultural operations
3.2.1 Irrigation and fertilizers

In the CT and ZT plots, irrigation was applied using flooding method (water
applied during the first irrigation, measured with a water meter, was in the range of
0.065 m and 0.056 m in CT and ZT) always resulted more water application than that
in the plots under PNB and PBB (where irrigation water was applied in furrows). The
irrigation water amount applied in both bed planting schemes were slightly different.
The maximum amount of applied water in a furrow was equal to half of the area of an
ellipse (with semi axes a and b) * the length of a furrow (L), where, a was depth of
furrow and b was % of the width of a furrow. In the plots under PNB, the maximum
amount of applied irrigation water per ha during first irrigation was 0.5**
0.15*0.15*%143*100 m = 0.05 m, whereas in the PBB, the amount was = 0.5*x*
0.20*0.20*72*100 = 0.045 m. So the ratio of amount of water applied per ha in PNB
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to PBB plots was 1:0.9. In subsequent irrigations due to settling of soils by wetting
and displacement and deposition of bed soil into furrow, the depth of furrow reduced
hence, the volume of irrigation water in both systems were decreased. For wheat, a
common fertilizer dose of 120 kg N + 60 kg P20s + 40 kg K20 ha'! was applied, of
which P and K were applied as basal along with 50% N through a seed-cum-fertilizer
drill or a bed planter, while the remaining N was top-dressed in two equal splits after
the first and second irrigations. Recommended doses of fertilizer 120 kg N + 60 kg
P20s + 40 kg K20 ha'! was applied in maize crop and 20 kg N + 60 kg P2Os + 40 kg
K20 ha™! was applied in pigeonpea crop.

3.2.2 Tillage

In the maize-wheat and pigeonpea-wheat system, after harvest maize,
pigeonpeaand wheat residues were taken away from the plots under ZT, PNB, PBB
and CT. However, tender pigeonpea and maize twigs and leaves (about one third of
total residues) and the entire wheat residues retained in the plots under ZT+R,
PNB+R, PBB+R. In both ZT and ZT+R plots, very little pigeonpea, maize stalk and
wheat stubble (~10-15 cm) remained anchored during ploughing of the next crop. The
experiment design was randomized block design with three replications for each
treatment. Conventional tillage involved one deep (~30 cm) ploughing with a disc
plough followed by two ploughing each with a disc harrow and cultivator, while ZT
treatment had no ploughing. A zero-till seed-cum-fertilizer drill was used for sowing
of the crops on the flat surface (ZT and CT), while a bed planter was used for sowing

under raised-bed systems (PNB and PBB).
3.2.3 Pest control

To control the pests, seed treatment was done with fungicides and insecticides
at the rate of 2g/kg seed and 20 ml/ kg seed, respectively. However, two spray of
imidachloprid @ 200 ml/ha and chloropyrphos @ 400 ml/ha were done to control the
insect-pests during cropping season. Different kind of weeds was observed in the field
during cropping period. The herbicide namely pendimethalin was applied after
planting and before crop emergence for controlling most of weeds in the crop. After
30 days of crop the spray of herbicide quizalofop was done for controlling weeds in
standing crop. In addition, two hand weeding was also done in pigeonpea under

pigeonpea-wheat cropping system.
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Plate: 1. Tillage implements used during field study
[A. Zero seed drill B. Bed planter C. Cultivator |




Plate: 2. Field view under different treatments at early stage of the pigeon pea
crop, (A) Zero tillage (ZT), (B) Permanent narrow bed (PNB), (C) Permanent
narrow bed + Residue (PNB+R) (D) Permanent broad bed + Residue
(PBB+R)
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3.3 Schedule of observations

The observations were recorded and measured on different parameters of
weather, microenvironment under different treatments like air temperature and
relative humidity, soil temperature etc, biophysical parameters of crop plants are

given below.
3.3.1 Weather parameters

Data on daily rainfall, minimum and maximum temperatures, wind speed,
relative humidity, sunshine hours, pan evaporation were collected from the agro-
meteorological observatory of the Division of Agricultural Physics, [CAR-IARI, New

Delhi situated near the experimental plots.

3.3.2 Soil temperature
Soil temperature at different depth (5, 10, 15 and 20 cm) was measured with
the help of soil thermometer under different treatments.

3.3.3 Heat indices

Different thermal indices were calculated at physiological maturity under
different conservation practices along with conventional practice as given by the

equations in table 2.

Table 2: Methods for calculation of different heat indices

S.No. | Indices Computation Reference

1 Growing degree days | =) {(Tmax+Tmin)/2}-To (lwata,1984)
(GDD)

2 Helio thermal units =Y GDDx SSH (Rajput,1980)
(HTU)

3 Photo thermal units | =) GDDx Day length (Major et al.,1975)
(PTU)

4 Relative temperature | =) {(Tmax-Tmin)/Tmax}x 100 | (Rajput,1980)
disparity
(RTD)

5 Heat use efficiency =Yield/GDD (Haider et al., 2003)
(HUE)

6 Photo thermal index | GDD/Growing day (Haider et al., 2003)
(PTI)
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3.3.4 Photosynthesis, transpiration rate and stomatal conductance measured by

Infra red gas analyser

Photosynthesis rate, transpiration rate and stomatal conductance were
measured by infrared gas analyser (model LI-6400XT). The technique was based on
the principle that hetero-atomic gas molecules (like H20, CO2, N20 etc) have a
characteristic spectrum and absorb radiation at specific sub millimetre infrared
wavebands. The absorption bands are made from a series of absorption lines which
correspond to the rotational states of the molecules. Absorption of radiation by CO2
at any one wavelength follow Beer Lambert Law and depends on radiation path

length through measuring gas and molar concentration of COx.
w=1-exp M.LK)) ------------ (1)

Where, Ky = extinction coefficient at wavelength A, I= radiation pathlength, M= molar
concentration of CO2 in air. The main absorption band of CO2 is 4.25 um with
secondary peaks at 2.66, 2.77 and 14.99 um. The only hetero-atomic gas is water-
vapour which normally present in air with an absorption spectrum overlapping with
that of CO2 (both molecules absorb IR in the 2.7um region). Since water vapour is
present at much higher concentration than COzin air, so its interference is significant.
This is overcome either by drying the air that is to be examined or by filtering out all

radiation at wavelength where absorption of two gases coincides.
3.3.5 Air temperature and relative humidity profile within crop canopy

Air temperature and relative humidity within crop canopy were measured at
mid-height of canopy with the help of a pocket weather tracker (Model: Kestrel 4000)

around 14:00 hours (i.e., time of occurrence of daily maximum temperature).
3.3.6 Plant bio-physical parameters

Observations of biomass accumulation, leaf area index (LAI), plant height etc

were recorded at 30days intervals.
3.3.6.1 Accumulation of biomass

Three plants were selected randomly in each plot and cut at ground level for
this study. Those plants were oven dried at 65°C for 48 hours and weighed by using
electrical digital balance until a constant weight was achieved. The dry matter

production was expressed in t/ha.



Plate 3: Digital Soil Thermometer

Plate 4: Infrared gas analyser
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Plate 6: LAI-2000 Plant Canopy Analyzer (LI-COR, USA)




36

3.3.6.2 Leaf Area Index (LAI)

Measurements of LAI were carried out in a field at 30 days intervals using
LAI-2000 Plant Canopy Analyzer (LI-COR, USA), whose principle is based on “fish-
eye” measurement of diffuse radiation interception by measurement of gap fraction at
five zenith angles (0-13, 16-28, 32-43, 47-58, 61-74°) simultaneously. The measured
gap-fractions are then inverted to get the effective LAI and the instrument was set to
take four below and one above canopy measurements to estimate the LAI. Three LAI
readings were recorded in each plot and then averaged out to represent each plot LAL
At later stages in case of pigeonpea the LAI values also included pod surface area

after pod formation.
3.3.6.3 Plant height

Plant heights of three plants were measured by digital scale from each treatment
in the interval of 30 days during cropping season. The average plant heights of three

plants from each treatment are shown in the result.
3.3.6.4 Leaf water potential

Leaf water potential was measured with the help of pressure bomb (PMS
Instruments Co, USA) using the method of Scholander et al., (1964). Leaves were
plucked from field and brought in packed humid polythene bags to minimize the
evaporation losses. These leaves were kept insides the pressure bomb apparatus and
pressure was applied till the first droplet of water oozed out at the out end. The

pressure applied was read from the meter. This was repeated for all the samples.
3.3.6.5 Relative water content

For estimating relative water content discs of 1cm diameter were taken from
middle portion of fully developed leaf from chosen plants of each replicate under
different treatments. Fresh weight was measured immediately and these leaves dices
were floated on distilled water for around 5 h then turgid weights of leaves discs were
measured after drying excess surface water with paper towels. Dry weights (DW) of
discs were obtained after drying at 75 °C for 48 h. Following formula was used to
calculate Relative water content (RWC).

Fresh wt-Dry wt

RWC (Relative water content): -----------=--mmmmmmmmcemmeeee 2)
Turgid wt-Dry wt
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3.3.6.6 Leaf Chlorophyll Content

Fresh leaf samples from different tillage treatments were taken, than 100 mg
of it was weighed accurately in an analytical balance and chlorophyll from leaves was
extracted by a non-macerated method equilibrating it with 10 ml Dimethyl Sulfoxide
(DMSO) in a capped vial and keeping in an oven at 45°C for the overnight (Hiscox
and Israelstam, 1979). The decanted solution was used to estimate the absorbance at
645 nm and 663 nm wavelength using Spectrophotometer Spectronic-20. Formula

given by Arnon (1949) is used for calculating the total chlorophyll content.

[20.2XA (s +8.02A,, V

Total Chlorophyl 1 content (mg/g of fresh weig ht) =
phy (mg/g ght) L00OW )

Where, Asas = Absorbance at 645 nm,
As63 = Absorbance at 663 nm,
V = Final volume of chlorophyll extract in DMSO,

W = Weight of plant sample

3.3.7 Radiation use efficiency (RUE)
RUE of the crop was calculated using the following formula:
Amount of dry matter produced (g/m?)

Radiation use efficiency (RUE): T 73
Amount of Cumulative light absorbed (MJm™2)

3.3.8 Radiation Characteristics

Both incoming and outgoing photosynthetically active radiation (PAR) values
were measured using line quantum sensor (LICOR-3000) at top of crop canopy,
middle of crop height and bottom of crop throughout the crop growing season. To get
reflected radiation from top and bottom ground, the sensor was held in inverse
position. The above measurements were taken in different growth stages between
11:30 and 12:00 hours IST on clear days when disturbances due to leaf curling, leaf
shading and solar angle were minimum. These data were further used to calculate

radiation use efficiency.



Plate 7: Spectrophotometer Spectronic-20

Plate 8: Line Quantum Sensor (LI-COR, USA)



38

3.3.8.1 Absorbed Photosynthetically Active Radiation (APAR)

APAR by the whole canopy = {Incident radiation on the top of the canopy —
reflected radiation by the top of the canopy— incident radiation at the bottom

(transmitted radiation) + reflected from the ground}.
3.3.8.2 Intercepted Photosynthetically Active Radiation (IPAR)

Radiation interception (percent) by the whole canopy = {(Incoming PAR at
top —reflected from the canopy —incoming PAR at bottom)*100}/ (Incoming PAR at
the top)

3.3.8.3 Accumulated PAR and incoming short wave solar radiation

The mean daily values of incoming shortwave solar radiation were estimated
using Angstroms equation and the PAR was calculated by multiplying it with 0.48
(Monteith, 1972). The extra terrestrial radiation for daily periods (Ra) was calculated
following Allen et al. (1998) with the following equation:

Ra =[(24x60)/mxGscxdrx {WsxSin(®)xSin(c)+Cos (D)*Cos (c)xSin(Ws)}]

Where, Ra = Extra terrestrial radiation (MJ/m?/day)
Gsc = Solar Constant (0.082 Mj/m?/min)
dr = Inverse relative distance earth —sun
Ws = Sunset hour angle
® = Latitude (radian)

o = Solar declination

dr was estimated by the following equation:
dr ={1+0.033xcos( 2m/365x%J)}

Where, J is the Julian day

The incoming shortwave solar radiation (Rs) is calculated by the Angstrom formula:

Rs =Ra x (0.32+0.46xn/N) for Delhi condition
Where, n= actual bright sunshine hours for a day

N= maximum possible sunshine hours for the same day.
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Where N = (24/n) XWs

Ws is the sunset hour angle (Radian) =Arc Cosine [-ten (®) xtan(o)]
® =Latitude in radian,

For IARI, Delhi @ = (28.12xm)/180

o =solar declination in radiation, calculated as follows:
0 =0.409 x Sine [(2xnxJ)/d-1.39]

Where, J = Julian days (1 to 365/366) and d=no. of days in the year
Finally, PAR was calculated by PAR =0.48xRs

The cumulated APAR was calculated by
=Rs x fAPAR x 0.48

fAPAR= Fraction of Absorbed PAR

Radiation use efficiency (RUE) was calculated at thirty days interval in both cropping

systems.

3.3.9 Soil water monitoring
Soil moisture at different depth (0-15, 15-30, 30-45, 45-60 cm) measured prior
to irrigation under conservation treatment along with conventional treatment. In case

of pigeonpea the soil moisture measured upto 75 cm depth due to its deep root system.

In the absence of lysimeter measurement, soil water balance equation is a
sound alternative for calculating ETc. The soil water balance method (Hanks and
Ashcroft, 1980) determined the components (all expressed in mm) of the water
balance equation for total volume defined by the soil profile of a given root zone

depth and is written as:

ETe=P+I1+U)~(R+D)—(AS+AV)..rvveeeviiireearnnn, (5)

Where, ET. denotes estimated crop evapotranspiration (mm), P is precipitation (mm),
I is irrigation (mm), D is deep percolation below the root zone (mm), R is runoff
(mm) and AS is the change in profile soil moisture (mm), and AV is increment of

water content in plants.
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Runoff (R) was assumed to be negligible as the field plots
were bunded upto 30 cm height and no over flow over bunds occurred. AV is
considered to be insignificant and was, therefore, ignored. The water table was below
15 m and therefore, capillary rise (U) was assumed to be zero. Change in soil
moisture content (AS) was calculated for each period of crop growth from the initial
and final soil moisture. Soil moisture was calculated using gravimetric method. For
gravimetric method, soil sample was collected by screw-auger in aluminium cans,
weighed and kept in hot air oven to dry at 105°C for at least 24 hours. Dried sample
was weighed and the moisture content on mass basis was calculated using the
following formula:

(Wet weight) — (Dry weight)
MaASS WELNESS = 1.ttt ettt e e e e (6)

Dry weight

3.3.10 Reference evapotranspiration

The FAO Penman-Montieth equation (Allen et al., 1998) was used to calculate

reference evapotranspiration, ETo.

900
0.408 A(Rn—G)+ mez (es—ea) (7)
At y(1+034U2) .................................

ETO =

Where ETo expressed in (mm day'); Ra net radiation at crop surface (MJ m?hr!); G
soil heat flux density (MJ m? day™'); T air temperature at 2 m height (°C); u2 wind
speed at 2m height (m s'); es saturation vapour pressure (kPa); ea actual vapour
pressure (kPa); A the slope of the vapour pressure curve (kPa’C™') and y is the

psychrometric constant in (kPa °C).

3.3.11 Net radiation calculation

Ra= (1-1) (025 + 0.5 n/N)Rs—(0.90/N + 0.1)(0.34 — 0,14 ) 6T -+ ®)

Where, Ro =extraterrestrial radiation (MJ m day™'),

ea= actual vapor pressure (kPa),

9
o= Stefan-Boltzmann constant (4.903x10 MJ m2 K day™'),

T = air temperature (K),
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r = reflection coefficient (observed mean value, 0.24),
n = number of hours of bright sunshine per day (h),

N= total day length

3.3.12 Crop coefficient K.

Single crop coefficient approach

ET.=Kcx ETo............. (9)

Calculation- Adjustment was done according to experiment.

Kc ini =fw x Kc ini (Tab).......... (10)

Where, fw the fraction of surface wetted by irrigation or rain (0-1), for flood irrigation
in CT and ZT treatments, fw was 1, for PBB treatment, fw was 0.5 and for PNB
treatment, fw was 0.7 taken.

Kcini (tab) = 0.3 for wheat and maize crop, 0.4 for pigeonpea crop

Crop coefficient for the mid-stage season (Kc mid)

Ke mia= Ke mid (tab) + [0.04(2-2)-0.004(R Hmin-45)](h/3)03............ (11)

Where, Kc mid(tab) value for Kc mid was 1.15 for wheat and pigeonpea and for maize
1.20 taken.

Crop coefficient for the end of the late season stage (Kc end)

Ke end= Ke end(Tab) + [O04(112-2)-0OO4(RHm1n-45)](h/3)O3 ........................ (12)

Where, Kc end(Tab) value for Kec end was 0.25 for wheat, 0.35 for maize and pigeonpea
crop.

u2=mean value for daily wind speed at 2m height over grass during the late season
growth stage [ms”'], for I ms' <u2 6 ms!,

RHmin-= mean value for daily minimum relative humidity during the late season growth
stage [%], for 20%<RHmin<80%,

h = mean plant height during the late season stage [m] for 0.1m<h<10m.
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Dual Crop Coefficient approach

ETe= (Ke+Ke) ETo. ... (13)

Basal crop coefficient (Kcb)

The basal crop coefficient (Kcb) is the ratio of the crop evapotranspiration over
the reference evapotranspiration (ET¢/ETo) when the soil surface is dry but
transpiration is occurring at a potential rate, i.e., water is not limiting transpiration.

Adjustment were done according to prevalent conditions-

Kev= Keb(Tab) + [0.04(12-2)-0.004(RHmin-45)](h/3)03+-(14)

Where, Kcb(rab) the value for Keb mid or Ke end(if >0.45) given by FAO-56,

w= mean value for daily wind speed at 2m height over grass during the mid or late
season growth stage [m s!'], for I ms!'<w 6 ms!,

RHmin= mean value for daily minimum relative humidity during the mid or late season
growth stage [%], for 20%<RHmin< 80%, h= mean plant height during the mid or late
season stage [m], Kebcni) was 0.15 used for wheat, pigeonpea and maize crop, it was <
0.45 so no adjustment needed, Kcb mid was 1.10 used for wheat and pigeonpea, 1.15 for
maize, it was > 0.45 so no adjustment needed, K¢ end was 0.30 used for wheat, it <0.45
no adjustment, for maize and pigeonpea it was 0.50 which >0.45 so adjustment

according to climatic conditions.

Evaporation component (K.ETo)

Ke= KX (Kc max-ch) <few X Kemax...ovvvvnnnnn (15)

Where, Ke soil evaporation coefficient

K= basal crop coefficient,

K¢ max= maximum value of K. following rain or irrigation,

K= dimensionless evaporation reduction coefficient dependent on the cumulative
depth of water depleted (evaporated) from the topsoil,

few= fraction of the soil that is both exposed and wetted, i.e., the fraction of soils

surface from which most evaporation occurs.
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Upper limit K¢ max, Kc max ranges from about 1.05to 1.30 when using the grass

reference ETo:

Kemax=max( {1.2+[0.04(u2-2)-0.0004(R Hmin-45)] (1/3)°3} {Kev+0.051) ... (16)

h= mean maximum plant height during the period of calculation (initial, development,
mid-season, or late season) [m],
K= basal crop coefficient, maximum value of the parameters in braces {} that are

separated by commas.

Soil evaporation reduction coefficient (K;)
When the soil surface is sufficient wet (REW> De;i-1), Kr value is 1. When the
water content in the upper soil becomes limiting, K: reduced and becomes zero when

the available water that can be evaporated from the topsoil is depleted.

K=TEW-De;-/TEW-REW for De,i-t>REW.........cccccvvrieemeiinnnannn, (17)

Where, K:is dimensionless equation reduction coefficient dependent on the soil water
depletion (cumulative depth of evaporation) from the topsoil layer (Ki=1 when D,
I<REW),

De,i-1 is cumulative depth of evaporation (depletion) from the soil surface layer at the
end of the dayi.1 (the previous day)[mm],

TEW is maximum cumulative depth of evaporation (depletion) from the soil surface
layer when K:=0 (TEW=total evaporable water) [mm]

REW is cumulative depth of evaporation (depletion) at the end of stage
1(REW=readily evaporable water) [mm].

Water stress coefficient, K

Ks= TAW-Dr = TAW-Dr
............ (18)
TAW-RAW (1-p) TAW
ETa = KSKCETO ........... (19)

ETa = (KsKev+Ke) ETO. ... .. (20)
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Ks is dimensionless transpiration reduction factor dependent on available soil water
(0-1), Dr is root zone depletion (mm), TAW is total available soil water in the root
zone (mm),

RAW is the readily available water.

TAW = 1000 (Orc -Owp) Zr....... (21)

Where, TAW is total available soil water in the root zone (mm), Orc is the water
content at field capacity (m*/m?®),0Owp is the water content at wilting point (m*/m?), Z:

is the rooting depth (m).

RAW =p.TAW......... (22)

Where, RAW is the readily available water, p is average fraction of TAW that can be

depleted from root zone before moisture stress occurs (0-1).

p=p (FAO value) + 0.04(5-Etc)......... (23)

Where, p (FAO value) is 0.55 for wheat and maize and 0.45 for pigeonpea when ET is

Smm/day. Dr is root zone depletion which was calculated by water balance equation.

3.3.13 Water use Efficiency (WUE)

Root water uptake was computed from the depletion of soil moisture during
the same period, assuming no drainage occurred as the soil moisture was very less

during this period. Water use efficiency of the crop was calculated as:

Biomass or yield produced (g m)
Water use efficiency (WUE ):---=-=mmemmemmm e (24)
Amount of water used (cm).

3.3.14 Yield attributes and yield

The yield attributes of different crops were recorded during cropping period

and after harvest of the crops. Biological yield of the treatment plot was measured
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with hand balance after drying the crop for 3 days under bright sunshine. The weight
of grains was measured after threshing. Finally average seed yield and stover yield
(i.e., difference between final above ground biomass and seed yield) in g m? was
calculated and converted in to tonne/ha. The overall system productivity was
calculated by converting the price value of maize and pigeonpea in to wheat
equivalent yield. The prices of crops were kept as per the minimum support price of

the crops declared by government of India time to time.
3.3.15 Statistical Analysis

The data were analyzed using SPSS (version 10.0), Excel package (version
7.0). Analysis of variance as applicable for randomized block design was used to test
least significant differences among the various treatment means and their interactions
using statistical analysis. MS Excel software package was used to drawn required
graphs. The means of all the treatments were separated by DMRT at 5% level of
significance and as per standard ANOVA. Pearson’s correlation matrix was also

computed.



4. Results

4.1 Objective 1: To study crop microenvironment under different conservation

practices along with conventional practice.
4.1.1 Weather during crop growing period

The daily weather data recorded at Agromet observatory near the experiment
area during the crop growing season were taken for analysis. Weather data were
compared with the normal weather data during crop growing period. Crop growth
period of maize was from 5" July to 20" October, 2014. For wheat crop growing
period was from 10" November, 2014 to 13" April 2015 in maize-wheat cropping
system. In pigeonpea-wheat cropping system the crop growing period of pigeonpea
was 30" May to 25" November 2015 and for wheat crop growing period was from

11" December 2015 to 20™ April 2016.
Kharif season 2014

The maximum temperature during kharif season in 2014 was 0.3-5.6 °C lower
than the normal during forty eight days, rest of days the maximum temperature was
more than normal by 0.1-7.5 °C. The minimum temperature was lower than normal by
0.1-4.5 °C in eighty five days, other days the minimum temperature was 0.1-5.4 °C
more than normal. Total rainfall received during this period was 512.8 mm (607.4 mm
normal rainfall) and total rainy days were twenty seven. Maximum rainfall was 120.6
mm on 18" July and second highest was 55.6 mm on 3 July. Bright sunshine hours
were found to be 1.0-7.1 hours lower than normal in sixty nine days and in rest of
days, observed value is 1.2-4.5 hours higher than normal. Evaporation during
different days of kharif season was 0.1-3.6 mm lower than normal in forty four days
of growing season, in other days evaporation was 0.1-6 mm higher than normal value.
Wind speed was found to be 0.1-12.7 km/hr more than normal during different days
of growing season, except forty days it was 0.1-2.7 km/hr lower than normal.
Percentage value of maximum relative humidity measured at 7.21 AM was found
lower than normal throughout the crop growing period except sixty nine days it was 2
to 23% higher than the normal. Percentage value of minimum relative humidity
measured at 2.21 PM was found 1-2.7% lower than the normal during forty days, rest

of the crop growing period it was 0.1-12.7% more than normal (Fig. 1a).
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Rabi season 2014-15

The maximum temperature was 0.1-8.3 °C lower than normal during ninety
six days and rest of days the temperature was more than normal by 0.1-4.6 °C during
rabi 2014-15. The minimum temperature remained lower than normal by 0.1-6.9 °C
in eighty four days while other days minimum temperature was 0.2-8.8 °C more than
normal. Total rainfall received during this period was 316 mm and total rainy days
were eighteen. Maximum rainfall was 79.4 mm on 1% March and second highest was
45 mm on 7% March 2015. Bright sunshine hours were 0.1-8.4 hours lower than
normal in ninety days and on rest of the days was 0.2-3.4 hours higher than normal.
Evaporation during different days of rabi season was 0.1-3.9 mm lower than normal
in eighty five days while it was 0.1-2.4 mm higher than normal value on the rest of
days. Wind speed was observed 0.1 -7.2 km//hr more than normal during different
days of growing season except fifty nine days was 0.1-2.5 km/hr lower than normal.
Percentage value of maximum relative humidity measured at 7.21 AM was found
lower than normal throughout the crop growing period except twenty nine days it was
1 to 28 % higher than normal. Percentage value of minimum relative humidity
measured at 2.21 PM was lower than normal throughout the crop growing period

except thirty eight days it was 1-22 % more humidity than normal (Fig.1b).
Kharif season 2015

Maximum temperature was 0.2-7.6 °C lower than normal for thirty two days of
growing period and rest of days the temperature was more than normal by 0.2-4.1 °C.
The minimum temperature remained lower than normal by 0.1-4 °C in sixty eight
days of growing period and on other days it was 0.2-3.4 °C more than normal. Total
rainfall received during this period was 709.5 mm (512.1 mm normal rainfall) and
total rainy days were thirty one. Maximum rainfall was 161.9 mm on 12% July and
second highest was 65.2 mm on 11% July. Bright sunshine hours were observed 0.1-
5.7 hours lower than normal in forty days and 0.1-4.5 hours higher than normal for
rest of the days. Evaporation was 0.6-5.8 mm lower than the normal in fifty eight days
during kharif season and on other days it was 0.1-3.2 mm higher than normal. Wind
speed was recorded 0.5-5.8 km/hr more than normal during the growing period except
forty two days that was 0.3-4.2 km/hr lower than normal. Percentage value of
maximum relative humidity measured at 7.21 AM was found higher than the normal

throughout the crop growing period except thirty six days that was 18-23 % lower
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than normal. Percentage value of minimum relative humidity was found 1-37 %
higher than the normal during thirty days and for rests of the period it was 2-29.71%

more humidity than normal (Fig. 2a).
Rabi season 2015-16

During crop growing period the maximum temperature was 0.1-6.2 °C lower
than normal for fifty two days and rest of days the temperature was more than normal
by 0.1-6.9 °C. The minimum temperature remained lower than normal by 0.1-5.5 °C
for sixty seven days of the growing period and for rest other days was 0.6-5.4 °C more
than normal. Total rainfall received during this period was 19.8 mm and total rainy
days were five. Bright sunshine hours were 1.2-3.8 hours higher than normal in fifteen
days and for rest of days was 0.1-6.4 hours higher than normal. Evaporation during
different days of crop growing period was 0.1-3.1 mm lower than the normal in fifty
five days and 0.2-1.9 mm higher than normal in rest of the days. Wind speed was 0.5-
4.9 km/hr more than normal during different days of growing season except fifty six
days where it was 0.1-2.5 km/hr lower than normal. Percentage value of maximum
relative humidity was higher than the normal throughout the crop growth period
except thirty three days where it was 1-22% higher than normal. Percentage value of
minimum relative humidity was observed higher than normal throughout the crop

growth period except thirty five days where it was 3-42% more than normal (Fig.2b).
4.1.2 Soil details of the experimental site

A composite representative soil sample was collected from the experimental
field prior to start of experimentation and analysed for physico-chemical properties

(Table 3).
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Table 3: Soil properties of the experimental site

S.N. Particulars Content
A Physical characteristics
Sand (%) 52.1
Silt (%) 22.6
Clay (%) 253
Textural class Sandy clay loam
Moisture at 1/3 atmospheric tension (%) 254

(Pressure plate apparatus, Richards and Weaver, 1943)
Moisture at 15 atmospheric tension (%) 12.2

(Pressure plate apparatus, Richards and Weaver, 1943)

Bulk density (0-15 cm layer) (g cc™!) 1.48
B Chemical characteristics
Organic carbon (%) (Walkley and Black, 1934) 0.54

Auvailable nitrogen (N kg ha') (Subbiah and Asija, 1956)  170.6
Auvailable phosphorus (P20s kg ha'') (Olsen et al., 1954)  18.6

Available potassium (K20 kg ha!) 275.0
(Flame photometer method, Hanway and Heidel, 1952)
pH (1:2.5 soil: water) (Cyber scam 500 pH meter) 8.0

4.1.3. Soil Moisture content at different depth under different conservation

practices along with convention practice in different cropping system

4.1.3.1. Soil moisture at different depth in maize crop under different
conservation practices along with conventional practice in maize-wheat

cropping system

In maize crop soil moisture measured two-three days before irrigation at 25,
45, 70 and 90 days after sowing (DAS) during crop season. The data on soil moisture
as affected by the date of sampling, soil depth, and tillage treatment. Soil moisture
gradually decreased from sowing to harvesting of crop. The crop microenvironment
was affected by soil moisture profile in upper layer (0-15 cm) of the soil. At 25 DAS
maximum soil moisture found in 0-15 cm layer under ZT+R (10.8%) treatment
followed by ZT (10.2%), PBB+R (9.5%), PNB+R (8.9%) and CT (8.5%) treatment at
weight basis. Lower soil moisture was obtained under PBB (8.0%) and PNB (7.6%)
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treatments. PNB and PBB treatments had significantly lower moisture content than
the other treatments but it was sufficient to fulfil crop water requirement. ZT+R and
ZT treatments had non-significant difference in soil moisture content, similarly
PNB+R and PBB+R treatments also had non-significant difference. ZT+R, ZT,
PBB+R and PNB+R treatments had higher moisture content than CT treatment. Soil
moisture content increased with increased of soil depth and the difference in soil
moisture between treatments decreased with increase of soil depth. At 60 cm depth
most of treatments found at par. Similar trend was found throughout the growing
period. At 45 DAS the soil moisture uptake increased as crop plant grow rapidly and
at 70 and 90 DAS maximum uptake of soil moisture as root depth increased at
flowering stage more water required, similarly at grain filling stage more soil
moisture removed. ZT treatment had 8.6% soil moisture content followed by ZT
(8.1%), PBB+R (7.6%), PNB+R (7.4%), CT (7.1%), PBB (6.2%) and PNB (5.9%) in
15 cm of soil layer at 90 DAS. ZT+R had 21-30%, ZT had 15-20%, PBB+R had 8-
10% and PNB+R had 3-5% higher soil moisture content than CT treatment. PBB
treatment had 10-13% and PNB treatment had 16-20% lower soil moisture content
than CT treatment. Although PNB+R treatment had slightly higher soil moisture
content than CT treatment but both treatments were statistically at par. PNB and PBB
treatment had sufficient moisture for fulfil crop water demand this means these

treatments saved nearly 10-20% soil moisture content (Fig.3).

4.1.3.2 Soil moisture at different depth in wheat crop under different
conservation practices along with conventional practices in maize-wheat

cropping system

Maximum moisture content under different treatments was found at 20 DAS.
ZT+R had maximum soil moisture content (9.9%) at weight basis followed by ZT
(9.3%), PBB+R (9.0%), PNB+R (8.6%), CT (8.0%), PBB (7.5%) and PNB (6.7%) in
15 cm upper soil layer at 20 DAS. Among PNB and PBB treatment had no significant
difference but they had lower moisture content than other treatments. Similarly ZT+R
and ZT treatments had non-significant difference. PNB+R and PBB+R treatments
were at par. CT treatment performed similar to PNB+R treatment. The similar trends
were also found at 50 and 75 DAS. The soil moisture content gradually decreased
from sowing to physiological maturity of crop. Among all treatments soil moisture

variation decreased with increased of soil depth. At 95 DAS soil moisture content in
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0-15 cm depth was 8.4% under ZT+R treatment followed by ZT (7.6%), PBB+R
(7.3%), PNB+R (6.9 %), CT (6.4%), PBB (5.7%) and PNB (5.3%). At 75 and 95
DAS ZT+R and ZT treatments had significant difference in soil moisture content at
15 cm depth. PBB+R and PNB+R treatments had non- significant difference and PNB
and PBB were found at par. The soil profile moisture content decreased from 20 DAS
to 95 DAS. In ZT+R treatment it decreased from 10.7 to 9.2%, under ZT decreased
from 10.5 to 8.7%, under PBB+R varied from 10.1 to 8.3%, under PBB varied from
8.7 to 7.1%, under PNB+R decreased moisture profile from 9.8 to 8.0%, under PNB
varies from 8.2 to 6.7% and under CT treatment varied from 9.2 to 7.7%. Soil
moisture content in soil profile under ZT+R treatment had 17-20%, ZT had 13-14%,
PBB+R had 8-10% and PBB had 4-7% higher soil moisture content than CT
treatment. PBB had 5-8% and PNB had 10-12% lower soil moisture content than CT
treatment. PBB and PNB had lower soil moisture content but they had sufficient
moisture to fulfil crop water requirement. They saved around 5-12% soil moisture

content than CT treatment (Fig.4).

4.1.3.3 Soil moisture at different depth in pigeonpea crop under different
conservation practices along with conventional practices in pigeonpea-

wheat cropping system

Pigeonpea is a deep rooted crop; therefore the soil moisture was measured up
to 75 cm depth. At 30 DAS in month of June soil moisture measurement in upper 0-
15 cm soil depth showed maximum soil moisture content under ZT+R treatment
(8.1%), followed by ZT (7.6%), PBB+R (7.1%), PNB+R (6.3%), CT (6.1%), PBB
(5.6%) and PNB (5.3%) treatment, which affects the crop microenvironment. ZT+R
and ZT treatments had non-significant difference but they had higher soil moisture
content than other treatments. CT treatment performs similar to PNB+R, PBB+R and
7T treatments. With increase of soil depth the soil moisture content also increased and
the difference among treatments was narrow down. PBB+R and PNB+R treatments
had significantly difference at 30 DAS in 15 cm soil profile but at later period these
treatments were found at par. The average soil moisture content at 30 DAS in 0-75 cm
soil profile was maximum under ZT+R (8.8%) followed by ZT (8.5%), PBB+R
(8.0%), PNB+R (7.6%), CT (7.3%), PBB (6.9%) and PNB (6.5%). At 60 DAS in July
month less evapotranspiration losses and more rainfall as compared to 30 DAS, the

average soil moisture content in 0-75 cm profile was 9.8% under ZT+R followed by
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9.5% under ZT, 9.3% under PBB+R, 8.9% under PNB+R, 8.5% under CT, 8.1%
under PBB and 7.8% under PNB treatment. As crop plant grows it needed more water
to fulfil demand for evapotranspiration losses and metabolic activities. So soil
moisture gradually decreased and at 140 DAS the soil moisture content in 0-15 cm
depth was less than 60 & 90 DAS. Soil moisture in 0-75 cm profile also decreased up
to 8.9% in ZT+R followed by 8.6% in ZT, 8.2% in PBB+R, 7.9% in PNB+R, 7.5% in
CT, 6.9% in PBB and 6.5% in PNB treatment. The increase in soil moisture
throughout growing period was 15-22% under ZT+R, 12-17% under ZT, 9-13% under
PBB+R, 5-8% under PNB+R over CT treatment. PNB and PBB treatments had lower
soil moisture content than CT, PNB treatment had 9-14% and PBB treatment had 4-

7% lower soil moisture content as compared to CT treatment (Fig.5).

4.1.3.4 Soil moisture at different depth in wheat crop under different
conservation practices along with conventional practices in pigeonpea-

wheat cropping system

Soil moisture measured at 25, 45, 65 and 90 DAS. At 25 DAS soil moisture in
0-15 cm depth was maximum under ZT+R treatment (10.8%) followed by ZT
(10.2%), PBB+R (9.4%), PNB+R (8.9%), CT (8.5%), PBB (8.0%) and PNB (7.6%).
CT and PNB+R treatments had non-significant difference. Similarly PNB+R and
PBB+R treatments were found at par. ZT+R and ZT treatments also performed
similar trend. The average soil moisture in 0- 60 cm soil profile was 11.4 % under
ZT+R treatment followed by ZT (11.1%), PBB+R (10.5%), PNB+R (10.0%), CT
(9.6%), PBB (9.2%) and PNB (9.0%). At 45 DAS the soil moisture content under 0-
60 cm profile was 11.1% under ZT+R, 10.4% under ZT, 10% under PBB+R, 9.5%
under PNB+R, 9% under CT, 8.5% under PBB and 7.8% under PNB treatment. At 65
DAS soil moisture in profile was found similar trend. At 90 DAS soil moisture at
flowering stage was found minimum. At 0-15 cm depth it was 9.3% under ZT+R,
8.7% under ZT, 8% under PBB+R, 7.7% under PNB+R, 7.3% under CT, 7.2% under
PBB and 6.9% under PNB treatment. Soil moisture in 0-60 cm profile at 90 DAS in
ZT+R treatment had 10.1%, ZT had 9.7%, PBB+R had 9.3%, PNB+R had 9.1%, CT
had 8.6%, PBB had 8.4% and minimum soil moisture 7.9% was under PNB treatment.
ZT+R and ZT had non-significant difference at 90 DAS. Similar results were found
under PBB+R and PNB+R, PNB and PBB, CT and PBB treatments. ZT+R had 17-
22%, ZT had 12-15%, PBB+R had 8-11% and PNB+R had 4-6% higher moisture
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content over CT treatment. PBB had 3-6% and PNB had 7-13% lower soil moisture

content than CT treatment (Fig.6).

4.1.4 Thermal indices under different conservation practices along with

convention practice in different cropping system

4.1.4.1 Thermal indices in maize crop under different conservation practices

along with conventional practice in maize-wheat cropping system

The total heat units consumed by the maize crop to reached physiological
maturity under different conservation treatments and conventional treatment (CT)
were analysed. Growing degree days (GDD) required to reach physiological maturity
was lower under CT treatment (3098 °C days). Conservation treatments required
higher growing degree days than CT treatment because the residue retained treatment
had longer days to maturity than without residue treatment. The PBB+R and PBB
treatments required higher amount of growing degree days to reach the maturity
followed by ZT+R, ZT, PNB+R and PNB treatments. However there was non-
significant difference among different treatments for growing degree days required to
reach the maturity. Similar trends were also found for heliothermal unit (HTU),
photothermal index (PTI), relative temperature disparity (RTD) and photothermal unit
(PTU). All thermal indices had higher values under PBB+R and PBB treatments
because there was slightly delay in physiological maturity under these treatments

(Table. 4).

4.1.4.2 Thermal indices in wheat crop under different conservation practices

along with conventional practice in maize-wheat cropping system

Wheat crop required GDD around 1499 °C days to reach physiological
maturity under PBB+R, PBB and ZT+R treatments followed by ZT (1458 °C days).
PNB and PNB+R required same GDD (1438 °C days) to reach physiological maturity.
HTU requirement under PBB+R, ZT+R and PBB treatments was 8011 °C day hour
followed by ZT (7759 °C day hour) and PNB, PNB+R had 7558 °C day hour. PTI
varies between 10.2 -10.4 °C day/day. RTD value under PBB+R, PBB and ZT+R was
7222 and lowest was 7064 in CT. PTU was found 17190 °C day hour in PBB+R, PBB
and ZT+R treatments followed by ZT (16667 °C day hour). Different thermal indices

had non-significant difference for different tillage practices (Table. 5).
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4.1.4.3 Thermal indices in pigeonpea crop under different conservation practices

along with conventional practice in pigeonpea-wheat cropping system

Pigeonpea crop required GDD nearly 4917 °C days to reach physiological
maturity in PBB+R and lowest amount of GDD required in CT treatment (4843 °C
days). HTU within conservation treatments were between 28434-28089 °C day hours
and within CT treatment it was 27967 °C day hours. The PTI ranged between 30.0-
30.3 °C day/day within different tillage treatments. RTD found maximum under
PBB+R treatment (5335) followed by ZT+R (5290). PTU was maximum under
PBB+R treatment (61939 °C day hours) and minimum in CT treatment (61209 °C day
hour) (Table. 6).

4.1.4.4 Thermal indices in wheat crop under different conservation practices

along with conventional practice in pigeonpea-wheat cropping system

Wheat crop after pigeonpea required lesser number of GDD to reach
physiological maturity since the crop variety was short duration. GDD value required
to reach maturity was 1351 °C days in CT and PNB treatments. Other conservation
treatments required higher amount of GDD to reach physiological maturity (1365-
1396 °C days). CT and PNB treatments had HTU value 6705 °C day hours, PTI value
11.5 °C day/day, RTD value 8042 and PTU value 14730 °C day hours. In other
conservation treatments HTU ranged between 6854-7274 °C day hours and PTI
ranged within 11.7-12.0. Similarly RTD varied within 8067-8162 and PTU ranged
between 14811-15121 °C day hours. Among different treatments PBB+R treatment
reached physiological maturity at last, so accumulated thermal indices values were

found maximum under this treatment (Table. 7).

4.1.5 Heat use efficiency (HUE) under different conservation practices along with

convention practice in different cropping system

4.1.5.1 Heat use efficiency (HUE) in maize crop under maize-wheat cropping

system

HUE was found higher under different conservation treatments as compared to
CT treatment. PBB+R and PBB treatments had non-significant difference but they
had higher HUE values than other treatments. Conservation treatments had HUE

value between 1.56-1.84 kg/ha/’C days. The maximum value of HUE was found
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under PBB+R treatment (1.84 kg/ha/°C days) and minimum value of HUE was found
in CT treatment (1.37 kg/ha/°C days) (Table. 4).

4.1.5.2 Heat use efficiency (HUE) in wheat crop under maize-wheat cropping

system

Wheat crop had HUE between 3.26-3.52 kg/ha/’C days. Maximum HUE was
found under PBB+R treatment. Among conservation treatments PNB treatment had
lowest HUE, it was 3.32 kg/ha/’C days. For CT and PNB treatment, HUE value was
non-significant and CT had lowest value (3.26 kg/ha/°C days) as compared to other
treatments (Table. 5).

4.1.5.3 Heat use efficiency (HUE) in pigeonpea crop under pigeonpea-wheat

cropping system

HUE was non-significant ranged between 0.41-0.44 kg/ha/’C days under
different conservation treatments but it had significantly higher value as compared to
CT treatment. Highest value of HUE among conservation treatments was found under
PBB+R treatment followed by ZT+R and PNB+R treatment and lesser value was
found under PNB, PBB and ZT treatments (0.41kg/ha/’C days). HUE value in CT
treatment was 0.32 kg/ha/°C days (Table. 6).

4.1.5.4 Heat use efficiency (HUE) in wheat crop under pigeonpea-wheat cropping

system

Wheat sown after pigeonpea had higher HUE than wheat grown after maize
crop. HUE value was ranged between 3.20-3.77 kg/ha/°C days among different
conservation treatments. Under CT treatment it was 3.09kg/ha/’C. Higher HUE was
found under PBB+R followed by ZT+R and ZT treatments. HUE value was found at
par in these treatments but had significantly higher value than other treatments (Table.

7).
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Table 4: Thermal indices in maize crop under different conservation practices

along with conventional practice in maize-wheat cropping system

Treatment | GDD HTU PTI RTD PTU HUE
(°C day) | (°C day (°c (°C day | (kg/ha/°C

hour) day/day) hour) day)
CT 3098 18613 29.34 3083 39874 1.37¢
PNB 3130 18778 29.39 3168 40223 1.564
PNB-+R 3130 18778 29.39 3168 40223 1.68¢
PBB 3204 18896 29.61 3299 41044 1.81%
PBB+R 3204 18896 29.61 3299 41044 1.842
ZT 3155 18797 29.43 3213 40490 1.71¢
ZT+R 3179 18797 29.55 3260 40759 1.77°
LSD NS NS NS NS NS 0.16
(0.05)

Table 5: Thermal indices in wheat crop under different conservation practices

along with conventional practice in maize-wheat cropping system

Treatment | GDD HTU PTI RTD PTU HUE
(°C day) | (°C day (‘c (°C day (kg/ha/°C

hour) day/day) hour) day)
CT 1418 7437 10.19 7064 16156 3.06¢
PNB 1438 7558 10.37 7101 16410 3.30de
PNB+R 1438 7558 10.37 7101 16410 3.38cd
PBB 1499 8011 10.41 7222 17190 3.39be
PBB+R 1499 8011 10.41 7222 17190 3 508
7T 1458 7759 10.39 7141 16667 3 40be
ZT+R 1499 8011 10.41 7222 17190 3 45b
LSD NS NS NS NS NS 0.15
(0.05)
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Table 6: Thermal indices in pigeonpea crop under different conservation

practices along with conventional practice in pigeonpea-wheat

cropping system

Treatment GDD HTU PTI RTD PTU HUE
(°C day) | (°C day (°c (°C day (kg/ha/°C

hour) day/day) hour) day)
CT 4843 27967 30.01 5145 61209 0.32°
PNB 4860 28089 30.11 5219 61385 0.412
PNB-+R 4877 28212 30.25 5290 61574 0.422
PBB 4860 28089 30.11 5219 61385 0.412
PBB+R 4917 28434 30.32 5335 61939 0.442
ZT 4860 28089 30.11 5219 61385 0.412
ZT+R 4877 28212 30.25 5290 61574 0.432
LSD (0.05) NS NS NS NS NS 0.10

Table 7: Thermal indices in wheat crop under different conservation practices

along with conventional practice in pigeonpea-wheat cropping system

Treatment GDD HTU PTI RTD PTU HUE
(°C day) | (°C day (“°c (°C day (kg/ha/°C

hour) day/day) hour) day)
CT 1351 6705 11.51 8042 14730 3.09¢
PNB 1351 6705 11.51 8042 14730 3.204
PNB+R 1365 6854 11.72 8067 14811 3.35¢
PBB 1381 7184 11.89 8096 14924 3.58P
PBB+R 1396 7274 12.01 8162 15121 3.77*
7T 1365 6854 11.72 8067 14811 3.65%
ZT+R 1396 7274 12.01 8162 15121 3.67%
LSD (0.05) NS NS NS NS NS 0.29
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4.1.6 Soil temperature measured under different conservation practices along

with conventional practices in different cropping system

4.1.6.1 Soil temperature measured in maize crop under different conservation
practices along with conventional practice in maize-wheat cropping

system

Soil temperature was measured in maize crop at 30, 60, 90 and 105 DAS. At
30 DAS, PNB and PBB treatments were found at par but other treatments were
significantly differed to each other. Maximum soil temperature was found in PNB
treatment followed by PBB, CT, PNB+R, PBB+R, ZT and ZT+R treatment. Variation
in soil temperature between ZT+R and PNB treatment was 3.4 °C. At initial period,
soil temperature variation between treatments was more because at that time crop
residue effect was dominant and crop shading effect was less. When crop growth
increases crop residue degraded and due to crop shading soil temperature difference
within treatments decreased. At 60 DAS, CT treatment had similar value as that of
PBB and PNB+R treatments. PNB and PBB treatments had non-significant
differences. PNB+R and PBB+R treatments also had non-significant differences for
soil temperature at 60 DAS. ZT treatment was significantly differed to ZT+R but non-
significant with PBB+R treatment. Similar results were found at 90 DAS. The
difference in soil temperature between ZT+R and PNB treatments at 60 DAS was 2.8
°C which was lower than soil temperature measured at 30 DAS. Variation in soil
temperature between ZT+R and PNB was 3.1 °C at 90 DAS. At 105 DAS the soil
temperature variation between PNB and ZT+R treatment was 2.1 °C. Soil temperature

in case of residue treatments were significantly differs than the non residue treatments
(Fig. 7).

4.1.6.2 Soil temperature measured in wheat crop under different conservation
practices along with conventional practice in maize-wheat cropping

system

Soil temperature measured at 30, 60, 90 and 120 DAS in wheat crop under
maize-wheat cropping system. At 30 DAS the crop residue and tillage practices effect
on soil temperature was significant. Maximum soil temperature was found under PNB
treatment followed by PBB, CT, PNB+R, PBB+R and ZT treatment. Lowest soil

temperature was under ZT+R treatment. The variation of soil temperature between
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ZT+R and PNB treatments was 3.7 °C. At physiological maturity crop residue
degraded, therefore difference in soil temperature was minimum. At 60 DAS,
treatments were significantly differed to each other and the variation of soil
temperature between ZT+R and PNB treatments was 3.1 °C. PNB and PBB treatments
had non-significant difference in soil temperature at 90 DAS. Similarly CT and
PNB+R treatments had non-significant value. Other treatments were significantly
differed to each other. At 120 DAS the variation of soil temperature between ZT+R
and PNB treatments was 2.8 °C which was minimum difference throughout the
growing period. Soil temperature value for ZT and ZT+R treatments, PNB and PBB

treatments, PNB+R and PBB+R treatments were non-significant (Fig. 8).

4.1.6.3 Soil temperature measured in pigeonpea crop under different
conservation practices along with conventional practice in pigeon pea-

wheat cropping system

The effect of crop residue and tillage practices on soil temperature was
significant in pigeonpea crop during initial crop growth stage. Residue plots had
lower soil temperature than non residue plots. At 35 DAS all tillage treatments were
significantly differed to each other. The variation in soil temperature between PNB
and ZT+R treatment was 3.6 °C which was maximum difference among treatments.
PNB had highest temperature followed by PBB and CT treatments. At 70 DAS
PBB+R and PNB+R treatments had non-significant difference and similar results
were also found in PBB+R and ZT treatments. At 105 the variation in soil
temperature between PNB and ZT+R treatment was 3.0 °C. At that time CT and
PNB+R treatments were significantly differed. PBB+R and ZT, ZT and ZT+R
treatments were non-significant. PNB+R and PBB+R treatments were non-significant
to each other at 140 DAS. Minimum temperature was found under ZT+R treatment.
The variation in soil temperature between PNB and ZT+R treatment was 3.5 °C (Fig.
9).

4.1.6.4 Soil temperature measured in wheat crop under different conservation
practices along with conventional practice in pigeon pea-wheat cropping

system

Maximum soil temperature was under PNB treatment followed by PBB, CT,
PNB+R, PBB+R, ZT and ZT+R at 30 DAS. At 30 DAS soil temperature under ZT
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and ZT+R treatments was non-significant. Similarly in CT and PBB treatments value
of soil temperature was found at par. The soil temperature variation between ZT+R
and PNB treatment was 3.6 °C. All treatments had significantly different values at 60
DAS. Residue treatments had lower temperature than non residue treatments. At 90
DAS the CT and PBB, PNB and PBB, PNB+R and PBB+R treatments were non-
significant. The soil temperature decreased under ZT+R (around 2.8 °C) as compared
to PNB treatment. PNB treatment had 3.2 °C higher soil temperature than ZT+R
treatment at 120 DAS. As compared to CT treatment, PNB and PBB treatments had

around 1-1.7 °C higher soil temperature (Fig. 10).

4.1.7 Air temperature within the crop canopy under different conservation

practices along with conventional practice in different cropping system

4.1.7.1 Air temperature within the maize crop canopy under different
conservation practices along with conventional practice in maize-wheat

cropping system

There was non-significant difference in air temperature on above the crop
canopy among different treatments.Air temperature recorded within the canopy
showed differences among the treatments. Initially when crop plant growth was less
there were non-significant differences but when plant growth increases leaf area also
increases resulting increases in shading effect (Table 8). The temperature within the
canopy after 40 DAS ranged between 38.4 °C to 39 °C. Most of conservation
treatment had non-significant difference but PBB+R and CT treatment had 0.6 °C
temperature difference. Similar trend of results was found at 65 DAS. The difference
within PBB+R and CT treatment increased up to 1.4 °C at 85 DAS because PBB+R
treatment had better plant height and LAI than CT. At this time PBB+R and PBB
treatments had non-significant difference but they had significantly lower temperature
within canopy than other treatment. Maximum temperature was found under CT
treatment. At 95 DAS when maize plant reached near to physiological maturity there
was non-significant difference in temperature within canopy because at that time most

of leaves dried and senescence.
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Table 8: Temporal variation in air temperature (°C) within crop canopy in maize
under different conservation practices along with conventional practice

in maize-wheat cropping system

Treatment 40 DAS 65 DAS 85 DAS 95 DAS
CT 39.032 34.232 36.80* 36.23
PNB 39.012 34.03%® 36.50%® 36.20
PNB+R 38.67° 33.69 36.10% 36.11
PBB 38.55b 33.79%¢ 35.60% 35.72
PBB+R 38.42¢ 33.20¢ 35.40¢ 35.68
ZT 38.50°¢ 33.60° 36.10% 36.22
ZT+R 38.57° 33.49¢ 35.90¢ 3591

LSD(0.05) 0.55 0.61 0.52 NS

4.1.7.2 Air temperature within the wheat crop canopy under different
conservation practices along with conventional practice in maize-wheat

cropping system

There was non-significant difference in air temperature within canopy at 40
DAS. Air temperature within canopy ranged between 26.8-27.6 °C at 60 DAS.
Differences in the temperature within canopy between PBB+R and CT treatment was
0.8 °C. It gradually increased with plant growth because PBB+R treatment had higher
LAI than CT treatment. At 80 DAS the air temperature variation within canopy was
1.0 °C between PBB+R and CT treatment and at 95 DAS it was 1.2 °C. Air
temperature within canopy ranged 30.4-31.4 °C at 80 DAS and it was 33.3-34.5 °C at
95 DAS. Maximum air temperature within canopy was found under CT treatment and

lowest value was found under PBB+R treatment (Table 9).

4.1.7.3 Air temperature within the pigeonpea crop canopy under different
conservation practices along with conventional practice in pigeonpea-

wheat cropping system

At 65 DAS conservation treatments had 32.8- 32.4 °C temperature variation
within canopy. Maximum temperature was found under CT treatment (33.1 °C).
Similar trend was found at 80 DAS, temperature ranged between 34.4-33.5 °C in
different treatments. CT and ZT treatment had non-significant difference and other

treatments had lower values than these treatments. PBB+R, PBB and PNB+R
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Fig.10. Soil temperature (°C) under different conservation practices along with conventional practice in wheat during crop
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treatment had air temperature within canopy ranged between 30.3-30.6 °C at 95 DAS.

Other treatments had higher temperature within canopy ranged between 30.9-31.5 °C.

At 105 DAS temperature within canopy ranged between 33.5- 35.0 °C. Maximum

temperature variation within CT and PBB+R treatment was 1.6 °C. Under residue

treatments (PBB+R, ZT+R, PNB+R) had non-significant difference and they had

lowest temperature than other treatments. Air temperature within canopy ranged

between 33.5-34.1 °C in residue treatments. Other treatments had air temperature

within canopy ranged between 34.3-35.0 °C (Table 10).

Table 9: Temporal variation in air temperature ("C) within crop canopy in wheat

under different conservation practices along with conventional practice

in maize-wheat cropping system

Treatment 40 DAS 60 DAS 80 DAS 95 DAS
CT 24.70 27.60* 31.402 34.502

PNB 24.70 27.50% 31.10% 34.302
PNB-+R 24.59 27.403b¢ 31.103bc 34.10*
PBB 24.36 26.90 30.60b° 33.40°
PBB+R 24.30 26.80¢ 30.40° 33.30°
7T 24.51 27.202bcd 31.10%b¢ 34.102
ZT+R 24.57 27.10b4 30.802b¢ 33.90%

LSD(0.05) NS 0.63 0.64 0.74

Table 10: Temporal variation in air temperature (°C) within crop canopy in
pigeonpea under different conservation practices along with

conventional practice in pigeonpea-wheat cropping system

Treatment 65 DAS 80 DAS 95 DAS 105 DAS
CT 33.112 34.432 31.532 35.032
PNB 32.83ab¢ 33.73b¢ 30.97° 34.60%
PNB+R 32.63% 33.60° 30.63¢ 33.82¢
PBB 32.50°¢ 33.87 30.43¢ 34.338bc
PBB+R 32.43¢ 33.53¢ 30.33¢ 33.474
7T 32.974® 34.23%® 31.23% 34.53abc
ZT+R 32.67 33.83b 30.87bd 34.13bed
LSD(0.05) 0.54 0.46 0.40 0.67
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4.1.7.4 Air temperature within wheat crop canopy under different conservation
practices along with conventional practice in pigeonpea-wheat cropping

system

Air temperature within wheat canopy had 0.6 °C difference between PBB+R
and CT treatment at 40 DAS, which increased up to 0.9 °C at 60 DAS. Minimum
temperature was found under PBB+R treatment followed by ZT+R, PBB and ZT. Air
temperature within crop canopy ranged between 27.0-27.7 °C under different
conservation treatments. Maximum temperature was observed under CT (27.9 °C)
treatment. Variation of air temperature within canopy between CT and PBB+R
treatment was 1.2 °C at 90 DAS. Minimum temperature was observed under PBB+R
followed by ZT+R, ZT and PBB+R treatments. These treatments had non- significant
difference in air temperature within canopy but they had lower temperature than other
treatments. Maximum temperature was observed under CT treatment may be due to

poor canopy cover and low leaf area (Table 11).

Table 11: Temporal variation in air temperature (°C) within crop canopy in
wheat under different conservation practices along with

conventional practice in pigeonpea-wheat cropping system

Treatment 40 DAS 60 DAS 75 DAS 90 DAS
CT 25.00* 26.632 27.932 30.732
PNB 24.87° 26.50° 27.70% 30.60*
PNB+R 24.70 26.37% 27.40%¢ 30.33%
PBB 24.50% 25.90% 27.07" 30.237%¢
PBB+R 24.40¢ 25.70° 27.00° 29.53¢
7T 24.67° 26.10% 27.50%¢ 30.072b¢
ZT+R 24.47% 26.09% 27.10% 29.73b¢
LSD(0.05) 0.40 0.41 0.52 0.61
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4.1.8 Relative humidity Profile within crop canopy under different conservation
practices along with conventional practice in different cropping system
4.1.8.1 Relative humidity (RH) within maize crop canopy under different

conservation practices along with conventional practice under maize-

wheat cropping system

Relative humidity (RH) profile showed opposite trend with respect to that of
temperature profile i.e., RH measuredwithin the canopy was higher than the value
measuredabove the canopy in different treatmentsbecause of shading effect of leaves,
lesser transmission of solar radiation, less air movement and accumulation of high
water vapour from evapotranspiration. PBB+R treatment had maximum RH. On a
clear day RH within the canopy ranged between 46.3% and 52.4% at 40 DAS. The
variation within CT and PBB+R treatment was found around 5.6%. With plant growth

the RH variation within treatments increased (Table 12).

Table 12: Temporal variation in relative humidity (%) within crop canopy in
maize under different conservation practices along with

conventional practice in maize-wheat cropping system

Treatment 40 DAS 60 DAS 80 DAS 95 DAS
CT 46.33¢ 40.77¢ 45.20° 52.80f
PNB 48.77¢ 42.30¢ 46.40¢ 54.37°
PNB+R 49.334 44.50° 48.77¢ 55.434
PBB 50.20¢ 46.50% 51.61% 56.80%
PBB+R 52.37° 46.93* 52.17° 57.20°
ZT 49.334 45.63° 50.70% 55.57«
ZT+R 51.23b 46.07% 51.07% 56.17b
LSD(0.05) 2.20 1.58 2.74 1.81

At 80 DAS maximum RH was found under PBB+R treatment (52.1%)
followed by PBB (51.6%), ZT+R (51.1%) and ZT (50.7%). These four treatments had
non-significant difference in RH but they had significantly higher values of RH than
rest of treatments. Lowest RH value was found under CT treatment (45.2%). At 95

DAS when maize plant near to physiological maturity and most of leaves dried and
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shaded than RH difference decreased. PBB+R treatment had RH value 57.2%
followed by PBB (56.8%), ZT+R (56.2%), ZT (55.6%), PNB+R (55.4%), PNB
(54.3%) and lowest value of RH was found under CT (52.8%) treatment. CT
treatment had significantly lower RH value as compared to other conservation

treatments.

4.1.8.2 Relative humidity (RH) within wheat crop canopy under different
conservation practices along with conventional practice under maize-

wheat cropping system

RH was found maximum under PBB+R treatment and minimum under CT
treatment because RH had reversed trend as that of air temperature within canopy.
Initial RH difference was less within treatments which gradually increased with plant
growth. The RH variation from CT to PBB+R treatment was between 50.7-54.5% at
40 DAS (Table 13).

Table 13: Temporal variation in relative humidity (%) within crop canopy in
wheat under different conservation practices along with conventional

practice in maize-wheat cropping system

Treatment 40 DAS 65 DAS 85 DAS 95 DAS
CT 50.73" 40.63¢ 43.00° 47.738
PNB 52.07¢ 42.70¢ 44.304 438.60f
PNB+R 52.63% 43.13¢ 45.63¢ 49.70¢
PBB 53.50" 45.33° 49.27* 53.53°
PBB+R 54.47* 46.10° 49.35° 54.932
7T 52.97¢ 43.30¢ 47.23° 52.70¢
ZT+R 54.04% 44.93° 47.80° 52.03¢
LSD(0.05) 1.41 1.42 3.67 1.83

At 65 DAS when plant height and leaf area slightly increased the RH

differences within treatments also increased. The variation in RH value within CT and
PBB+R treatment was 5.5%. PBB+R treatment had maximum RH value (46.1%)
followed by PBB (45.3%), ZT+R (44.9%), ZT (43.3%), PNB+R (43.1%), PNB
(42.7%) and lowest value of RH was found under CT treatment. At 85 DAS variation
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of RH between PBB+R and CT treatment was 6.4%. At 95 DAS value of RH was
within 47.7-54.9%, RH variation within PBB+R and CT treatment was 7.2%. Wheat
crop had maximum difference in RH between PBB+R and CT at 95 DAS. After

flowering stage variation in RH values gradually decreased within treatments.

4.1.8.3 Relative humidity (RH) within pigeonpea crop canopy under different
conservation practices along with conventional practice under pigeon

pea-wheat cropping system

At 65 DAS variation within PBB+R and CT treatment was around 5.1% which
gradually increased with plant growth. Maximum value of RH was found under
PBB+R (66.8%) treatment followed by PNB+R (66.5%), ZT+R (65.7%), PBB
(65.1%), PNB (63.1%), ZT (62.7%) and CT (61.8%) treatment at 65 DAS. RH
difference within PBB+R and CT treatment increased up to 6.5% at 80 DAS. RH
value within different treatments was ranged between 43.8-51% at 95 DAS. Highest
RH value was found under PBB+R treatment (51%) followed by PNB-+R (49.8%).
PBB+R and PNB+R treatments had higher RH values then other treatments. At 105
DAS there was maximum variation in RH values among different treatments. Value
of RH ranged between 45.3-50.4% within conservation treatments (Table 14).
Maximum RH value was found under PBB+R treatment (50.4%) followed by PNB+R
(49.2%), ZT+R (48.2%), PBB (47.4%), PNB (47.3%), ZT (45.3%) treatment. Lowest
value was found under CT treatment (42.3%). PBB+R treatment had significantly

higher RH values than other treatments.

4.1.8.4 Relative humidity (RH) within wheat crop canopy under different
conservation practices along with conventional practice under

pigeonpea-wheat cropping system

Relative humidity had higher value under conservation treatments than CT
treatment. Initial stage of vegetative phase had lesser difference in RH values among
different treatments. Maximum RH value was observed under PBB+R (66.7%)
followed by ZT+R (66.4%), PBB (65.8%), ZT (64.6%), PNB+R (64.5%), PNB
(64.1%) and lowest value under CT (63.6%) treatment at 40 DAS. CT and PBB+R
treatments had 3.2% variation in RH, which gradually increase at 60 DAS (5.1%). At
75 DAS, CT treatment had RH value 47.1% and PBB+R treatment had 53.4%

followed by other conservation treatments. Maximum variation was observed around
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90 DAS (flowering stage) when plant height and leaf area at their peak value. RH
difference among CT and PBB+R treatment was 6.9%. Maximum RH value was
found under PBB+R treatment (58.8%) followed by PBB (58.6%), ZT+R (57.8%),
ZT (56.2%), PNB+R (55.8%), PNB (52.6%) and CT (51.9%) treatment at 90 DAS.
PBB+R and PBB treatments had significantly higher RH values than other treatments.
CT and PNB treatments had non-significant difference in RH values (Table 15).

Table 14: Temporal variation in relative humidity (%) within crop canopy in
pigeonpea under different conservation practices along with

conventional practice in pigeonpea-wheat cropping system

Treatment 65 DAS 80 DAS 95 DAS 105 DAS
CT 61.81° 42.90° 43.80f 42.33f
PNB 63.17¢ 43,474 45,104 47304
PNB+R 66.57%® 47.83b 49.83b 49.17°
PBB 65.07° 44.604 45.834 47.37%
PBB+R 66.832 50.372 51.032 50.402
7T 62.77% 47.40° 44.50°f 45.30°
ZT+R 65.70b¢ 46.00° 48.63¢ 48.23¢

LSD(0.05) 2.78 2.46 1.98 2.01

Table 15: Temporal variation in relative humidity (%) within crop canopy in
wheat under different conservation practices along with conventional

practice in pigeonpea-wheat cropping system

Treatment 40 DAS 60 DAS 75 DAS 90 DAS
CT 63.60° 43.20¢ 47.134 51.904
PNB 64.10° 44.07¢ 47.40¢ 52.604
PNB+R 64.53% 45.90¢ 49.70¢ 55.83¢
PBB 65.832 46.90° 52.832 58.47%
PBB+R 66.70* 48.30° 53.40* 58.802
7T 64.60° 46.17¢ 50.80° 56.17¢
ZT+R 66.402 48.30° 51.30° 57.80°
LSD(0.05) 1.82 2.22 2.10 1.76
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4.1.9 Photosynthesis rate, stomatal conductance and transpiration rate of crops
under different conservation practices along with conventional practices in

different cropping systems

4.1.9.1. Photosynthesis rate, stomatal conductance and transpiration rate of
maize crop under different conservation practices along with

conventional practices in maize-wheat cropping system

Photosynthesis rate, stomatal conductance and transpiration rate was measured
at post anthesis stage. In maize crop photosynthesis rate at post anthesis stage varied
from 17.8 to 24.2 pmol Co2/m?/s under different conservation treatments with lowest
(17.6 pmol Coz/m?/s) under CT treatment. Maximum photosynthesis rate was found
under PPB+R treatment (24.2 pmol Co2/m?/s) followed by ZT+R (24pumol Co2/m?/s)
treatment. These two treatments performed similar for photosynthesis rate and
showed higher values than other treatments. Stomatal conductance had values
between 0.48- 0.72 mol H20/m?/s. Maximum values was found under PBB+R
treatment followed by ZT+R treatment. Under conservation practices lowest stomatal
conductance was found under PNB treatment. PBB+R, ZT+R and PBB treatments
had non-significant values. PBB+R treatment had significantly higher transpiration
rate (5.97 mmol H2O/m?/s) than the other treatments. ZT+R (5.53 mmol H>0/m?/s)
and ZT (5.50 mmol H20/m?/s) treatment had non-significant difference. Similarly
PNB+R (4.91 mmol H>0/m?/s) and PNB (4.83 mmol H20/m?/s) treatments performed
similarly. CT treatment had lowest transpiration rate (4.49 mmol H20/m?/s) (Fig. 11).

4.1.9.2 Photosynthesis rate, stomatal conductance and transpiration rate of
wheat crop wunder different conservation practices along with

conventional practices in maize-wheat cropping system

Photosynthesis rate, stomatal conductance and transpiration rate was measured
at post anthesis stage. Photosynthesis rate was maximum under PBB+R treatment
(16.22 umol Co2/m?/s) followed by ZT+R (15.82 umol Co2/m?/s) and ZT (15.72 pmol
Co2/m?/s). PBB+R, ZT+R and ZT treatments were non-significant and had higher
photosynthesis rates than other treatments. CT treatment had lowest photosynthesis
rate (12.18umol Co2/m?/s). Stomatal conductance in PBB+R treatment had value 0.56
mol H20/m?/s. In other conservation treatments the value of stomatal conductance

was ranged between 0.41- 0.54 mol H2O/m?/s. PBB+R, ZT+R, ZT and PBB treatment
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had non-significant difference. Transpiration rate was ranged between 1.97- 3.40
mmol H20/m?/s. The maximum transpiration rate was under PBB+R treatment (3.40
mmol H>0/m?/s) followed by ZT+R (3.19 mmol H0/m?/s), ZT (2.97 mmol
H20/m?/s), PBB (2.64 mmol H20/m?/s) treatment. PBB+R treatment had significantly
higher values than other treatments (Fig. 12).

4.1.9.3 Photosynthesis rate, stomatal conductance and transpiration rate of
pigeonpea crop under different conservation practices along with

conventional practices in pigeonpea-wheat cropping system

In pigeonpea crop photosynthesis rate, stomatal conductance and transpiration
rates were measured at flowering stage. Residue treatments had non-significant
difference. Highest photosynthesis rate was found under PBB+R treatment (29.8
umol Co2/m?/s) followed by PNB+R (29.1 umol Co2/m?/s) and ZT+R (28.7 pmol
Co2/m?/s) treatment. CT, PNB and ZT treatments had values at par. Photosynthesis
rate had lowest value under CT treatment (23.5 umol Co2/m?/s). Stomatal
conductance had non-significant value within residue treatments (PBB+R, PNB+R,
ZT+R). These treatments had stomatal conductance ranged between 0.81-0.87 mol
H20/m?/s. Lowest stomatal conductance found under CT (0.74 mol H20/m?/s)
treatment. Transpiration rate was found within 3.82- 4.32 mmol H2O/m?/s. Maximum
transpiration rate was found in PBB+R treatment (4.32 mmol H20/m?/s) followed by
PNB+R (4.31 mmol H20/m?/s), ZT+R (4.28 mmol H20/m?/s), PBB (4.18 mmol
H20/m?/s), PNB (4.08 mmol H2O/m?/s), ZT (3.92 mmol H20O/m?/s) and CT (3.82
mmol H20/m?/s) treatment. CT and ZT treatments had similar transpiration rate.
Transpiration rate in PBB+R, PNB+R, ZT+R, PBB treatments had non-significant
difference (Fig. 13).

4.1.9.4 Photosynthesis rate, stomatal conductance and transpiration rate of
wheat crop under different conservation practices along with

conventional practices in pigeonpea-wheat cropping system

Photosynthesis rate, stomatal conductance and transpiration rate measured in
wheat crop sown after pigeonpea at post anthesis stage. Value of photosynthesis rate
ranged between 13.41-16.93 pmol Co2/m?/s under different conservation treatments.
CT treatment had photosynthesis rate of 12.73 pumol Coz/m?/s. PBB+R, ZT+R,
PNB+R and PBB treatments had non-significant difference in photosynthesis rate.
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Stomatal conductance was maximum under PBB+R treatment (0.83 mol H>O/m?/s)
followed by ZT+R (0.77 mol H2O/m?/s) and PBB (0.75 mol H20/m?/s) treatment. The
lower value of stomatal conductance was under CT treatment (0.58 mol H20/m?/s)
which showed similar stomatal conductance value as PNB treatment (0.60 mol
H2>0/m?/s). Transpiration rate was maximum under PBB+R treatment (4.49 mmol
H20/m?/s) followed by ZT+R (4.16 mmol H20/m?/s), ZT (3.79 mmol H20/m?/s),
PBB (3.75 mmol H20/m?/s), PNB+R (3.16 mmol H20/m?/s), PNB (2.98 mmol
H20/m?/s) and CT (2.69 mmol H>O/m?/s) treatment. CT treatment had lowest

transpiration rate as compared to other treatments (Fig. 14).

4.2 Objective 2: To study effect due to crop microenvironment under different
treatments on biophysical parameters, crop productivity and

radiation use efficiency

4.2.1 Leaf area index (LAI) in different conservation practices along with

convention practice in different cropping system

4.2.1.1 Leaf area index (LAI) of maize in different conservation practices along

with conventional practices in maize-wheat cropping system

At 30 DAS, PBB+R treatment showed significantly higher LAI (2.95)
followed by PBB (2.81), ZT+R (2.74), ZT (2.67), PNB+R (2.53), PNB (2.48) and CT
(2.47) treatment. At 60 DAS, LAI value increased up to 4.58 in PBB+R treatment
followed by PBB (4.52), ZT+R (4.41) and ZT (4.33) treatment. CT and PNB
treatment had non-significant difference in LAI at 30 and 60 DAS. At 90 DAS,
maximum LAI was observed in PBB+R treatment (5.18) followed by PBB (5.05),
ZT+R (4.87), ZT (4.77), PNB +R (4.63) and PNB (4.54) treatment. Significantly
higher LAI was observed in PBB+R treatment and lowest value was found in CT

(4.46) treatment at 90 DAS (Fig. 15).

4.2.1.2 Leaf area index (LAI) of wheat in different conservation practices along

with conventional practices in maize-wheat cropping system

Wheat crop followed the similar pattern of LAI as of maize crop. The LAI
increased rapidly during initial vegetative phase and maximum LAI found at
flowering stage. The maximum LAI (1.88) was observed in PBB+R and ZT+R (1.79)
treatments, both were at par but significantly higher over rest of the treatments at 30

DAS. Similar kind of trend was observed at 60 and 90 DAS. PBB+R showed highest
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LAI (3.69) as compared to the corresponding value of other treatments, followed by
ZT+R treatment (3.60) at 60 DAS. Among other treatments, ZT had significantly
higher LAI (3.49). Rest of the treatments had LAI ranged within 3.13 to 3.44. Peak
value of LAI was observed at 90 DAS in PBB+R treatment (4.41) followed by ZT+R
treatment (4.32) and lowest value of LAI was in PNB treatment (3.87) under
conservation treatments. LAI value under CT treatment was 3.75, which was lowest

among all the treatments (Fig. 16).

4.2.1.3 Leaf area index (LAI) of pigeonpea in different conservation practices

along with conventional practices in pigeonpea-wheat cropping system

The maximum LAI was observed under PBB+R treatment (0.86) followed by
PNB+R (0.82), ZT+R (0.78), PBB (0.76), PNB (0.72), ZT (0.70) treatment and
minimum value of LAI was found in CT treatment (0.66) at 35 DAS. Similar trend
was also observed at 70 and 105 DAS. At 70 DAS, maximum LAI was found in
PBB+R (2.48) treatment which had significantly higher value than other treatments.
For other treatments LAI ranged within 1.78 to 2.23. Maximum value of LAI was
observed at 105 DAS in PBB+R treatment (3.17) followed by PNB+R (3.16). These
two treatments had non-significant difference. Lowest value of LAI was observed in
CT treatment (2.69). LAI in treatments with residue retention (PNB+R, PBB+R and
ZT+R) had higher value than corresponding value without residue (PNB, PBB and
ZT) treatments (Fig. 17).

4.2.1.4 Leaf area index (LAI) of wheat in different conservation practices along

with conventional practices in pigeonpea-wheat cropping system

PBB+R treatment had significantly higher LAI value than other treatments
(Fig. 18). Initially, at 30 DAS, PBB+R treatment showed higher LAI (1.88) followed
by ZT+R (1.80), PBB (1.76), ZT (1.75), PNB +R (1.73), PNB (1.61) and CT (1.56)
treatment. PBB+R and ZT+R treatment had non-significant difference. At 60 DAS
PBB+R treatment had highest LAI (2.45) followed by ZT+R (2.33), ZT (2.28), PBB
(2.28), PNB+R (2.24), PNB (2.09) and CT (2.03) treatment. Maximum value was
observed at 90 DAS in PBB+R treatment (3.57) followed by ZT+R (3.41), PBB
(3.34), ZT (3.31), PNB +R (3.28), PNB (3.05) treatment. CT treatment had lowest
LAI value (2.96). PNB+R, PBB and ZT treatments showed nearly similar LAI value,
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these three treatments had non-significant difference in LAI throughout the growing

period. Similar results were observed for CT and PNB treatments.

4.2.2 Plant height measured under different conservation practices along with

conventional practice in different cropping system
4.2.1.1 Plant height of maize in different conservation practices along with

conventional practices in maize-wheat cropping system

The height of maize increased slowly in initial stages, than increase rapidly
and after starting of flowering stage it becomes constant with respect to different
tillage and residue treatments. At 30 DAS, PBB+R treatment had maximum plant
height (75 cm) followed by PBB (73.4 cm) and ZT+R (72.6 cm), ZT (68.3 cm),
PNB-+R (67.3 cm), PNB (62.7 cm) and CT (60.3 cm) treatment. The PBB+R and
ZT+R, PBB treatment had non-significant difference at 5% level of significance. At
60 DAS, plant height increased maximum in PBB+R plot (153 cm) followed by PBB
(152 cm), ZT+R (145 cm), ZT (141 cm), PNB+R (139 cm), PNB (127 cm) and CT
(123 cm) treatment. Maximum plant height was observed at 90 DAS, after that it was
constant. PBB+R treatment showed highest plant height (168 cm) followed by PBB
(167.5 cm), ZT+R (163cm), ZT (158 cm), PNB+R (156 cm) and PNB (148 cm).
Lowest plant height was observed in CT treatment (140 cm). PBB+R and PBB
treatment had non-significant difference in plant height throughout the growing period
(Fig. 19).
4.2.2.2 Plant height of wheat in different conservation practices along with

conventional practices in maize-wheat cropping system

Lowest plant height was observed in CT treatment (21.8 cm), it increased
gradually among conservation treatments 22.9 cm in PNB to 27.1 cm in PBB+R
treatment at 30 DAS. CT, PNB, PNB+R and ZT treatments had non-significant
difference. PBB+R and ZT+R treatment also showed similar result at 30 DAS. Plant
height at 60 DAS was maximum in PBB+R (52.7 cm) followed by ZT+R (51.5 cm),
ZT (50.8 cm), PBB (48.6 cm), PNB+R (45.2 cm), PNB (44.4 cm) and CT (42.1 cm)
treatments. PBB+R, ZT+R and ZT treatments had non-significant difference in plant
height but had higher plant height than corresponding value in other treatments.
Maximum plant height was observed at flowering stage (90 DAS). PBB+R had
maximum plant height (101.9 cm) followed by ZT+R (101.2 cm), ZT (99.5 cm), PBB
(97.3 cm), PNB+R (91.2 cm), PNB (88.6 cm) and CT (85.3 ¢m) treatment. PBB+R,
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ZT+R and ZT treatments had non-significant difference and showed significantly

higher plant height over rest of the treatments (Fig. 20).

4.2.2.3 Plant height of pigeonpea in different conservation practices along with

conventional practices in pigeonpea-wheat cropping system

Plant height was measured at 35, 70, 105 and 140 DAS. Plant height increased
rapidly in vegetative phase than the reproductive phase. Plant height at 30 DAS was
highest in PBB+R treatment (61 c¢cm) followed by PNB+R (59 cm), ZT+R (58 cm),
PBB (55cm), PNB(52cm), ZT (50 cm) and CT (42 cm) treatment. At 70 DAS,
PBB+R treatment had 124.7 cm plant height followed by 117 cm in PNB+R, 114 cm
in ZT+R, 112 ¢cm in PBB+R, 108 ¢cm in PNB, 102 cm in ZT and 99 c¢cm in CT
treatment. Plant height at 105 DAS increased up to 135 cm to 169 cm in different
treatments. Residue treatments (PBB+R, PNB+R and ZT-+R) had higher plant height
than other treatments throughout the growing period. Among conservation treatments
highest plant height was found under PBB+R treatment and lowest under ZT
treatment. CT treatment showed lowest plant height throughout growing period. Plant
height at 140 DAS increased up to 189 cm in PBB+R treatment, followed by PNB+R
(181 cm), ZT+R (179 cm), PBB (175 cm), PNB (166 cm), ZT (163 cm) and CT (154
cm) treatment. The PBB+R treatment showed significantly higher plant height than

the corresponding value in other treatments (Fig. 21).

4.2.2.4 Plant height of wheat in different conservation practices along with

conventional practices in pigeonpea-wheat cropping system

Wheat plant height increased from emergence to starting of flowering stage
than after it become constant. Plant height differs to each other due to different tillage
and residue treatments. Maximum plant height at 30 DAS was observed in PBB+R
(31 cm) treatment followed by ZT+R treatment (29 cm). Other treatments showed
lower values of plant height than these two treatments. The plant height at 60 DAS
varied from 44 cm to 54 cm among conservation treatments. CT treatment had lowest
plant height (41 cm). Plant height had maximum values in all treatments at 90 DAS
after that it become constant. PBB+R had maximum plant height (104 cm) followed
by ZT+R (102.8 cm), PBB (99 cm), ZT (97 cm), PNB+R (94.2 cm) and PNB (88.3
cm). Lowest value of plant height was found under CT treatment (83 cm). PBB+R

treatment showed maximum plant height throughout the growing period. There was
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Fig.19. Plant height under different conservation practices along with
conventional practice in maize during crop growing season in maize —
wheat cropping system
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non-significant difference among PBB+R and ZT+R treatment but plant height of

these two treatments were significantly higher than other treatments (Fig. 22).

4.2.3 Biomass measured in different conservation practices along with

conventional practice in different cropping system

4.2.3.1 Biomass of maize in different conservation practices along with

conventional practices in maize-wheat cropping system

Significant differences in biomass accumulation were observed for different
treatments at 30 DAS. Initially, higher biomass accumulation was recorded in PBB,
PBB+R, ZT and ZT+R (3.1-3.5 t ha'!). These four treatments had higher biomass over
PNB+R, PNB and CT treatments. These three treatments had biomass accumulation
in between 2.5-2.9 t ha'!. At 60 DAS, higher biomass was accumulated in PBB+R
treatment (6.9 t ha!) followed by PBB (6.7 t ha'!) and ZT+R (6.5 t ha'). However at
60 DAS, biomass of PBB+R and PBB was non-significant. But at 90 DAS marked
differences were observed with significantly higher biomass accumulation in PBB+R
treatment (9.1 t ha!) followed by PBB treatment (8.8 t ha™!) over other treatments.
Thelowest biomass accumulation was obtained in CT treatment (6.7 t ha'') (Fig. 23).
At harvest similar pattern was observed with significantly higher biomass in case of

PBB+R (14.64 t ha'!) followed by PBB (14.39 t ha!) (Table 23).

4.2.3.2 Biomass of wheat in different conservation practices along with

conventional practices in maize-wheat cropping system

Wheat biomass had low values at initial vegetative phase. At 30 DAS,
accumulated biomass ranged between 2.2-3.6 t ha’!. Maximum biomass was
accumulated in PBB+R treatment followed by ZT+R, ZT and PBB. Biomass
accumulation gradually increased with crop growth. At 60 DAS, accumulated
biomass ranged between 4.1-5.9 t ha'!. Maximum biomass at 60 DAS was produced
in PBB+R treatment (5.9 t ha!) followed by ZT+R (5.6 t ha''), ZT (5.5 t ha'!) and
PBB (5.2 t ha!) treatment. However, accumulated biomass of PBB+R, ZT+R, ZT and
PBB was non-significant at 60 DAS. At 90 DAS, the maximum biomass was
accumulated in PBB+R plot (9.4 t ha'!) followed by ZT+R (9.3 t ha!) and ZT (9.0 t
ha'!). The minimum biomass was in CT treatment (6.8 t ha™!). Other conservation
treatments had accumulated biomass ranged between 7.5- 8.6 t ha'l. PBB+R and

ZT+R treatment had non-significant difference at 90 DAS but they had significantly
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higher biomass as compared to the corresponding value of other treatments (Fig. 24).
Biomass in conservation treatments ranged between 10.3-13.3 t ha! at harvest.
Lowest accumulated biomass was found within CT treatment (10.2 t ha'). However

biomass of PBB+R and ZT+R was non-significant (Table 16).

4.2.3.3 Biomass of pigeonpea in different conservation practices along with

conventional practices in pigeonpea-wheat cropping system

Pigeonpea had accumulated biomass ranged between 0.8-1.2t ha'at 35 DAS.
Maximum biomass accumulation at 70 DAS was found in PBB+R treatment (4.2 t ha-
1 followed by PNB+R (3.8 t ha'!), ZT+R (3.7 t ha'!), PBB (3.6t ha'!), PNB (3.4 t ha"
D, ZT (3.3 t ha') and CT (2.9 t ha'). Accumulatedbiomass of PBB+R had
significantly higher value as compared to the corresponding value in other treatments.
Maximum biomass at 105 DAS was accumulated in PBB+R treatment (5.8 t ha'!) and
lowest in CT treatment (4.1 t ha'). Conservation treatments had biomass
accumulation ranged between 7.1-7.6 t ha! at 140 DAS (Fig. 25). CT and ZT had
non-significant difference in biomass accumulation, similarly other treatments
(PBB+R, PNB+R, ZT+R, PBB, PNB, ZT) had significantly higher values over CT
and ZT treatments. At harvest, biomass was maximum in PBB+R treatment (9.89 t ha-
1 followed by PNB+R (9.34 t ha'!). These two treatments had biomass at par but they

had higher biomass accumulation over rest of the treatments (Table 16).

4.2.3.4 Biomass of wheat in different conservation practices along with

conventional practices in pigeonpea-wheat cropping system

At 30 DAS highest biomass accumulation was found under PBB+R treatment
(3.16 t ha!) followed by ZT+R (2.89 t ha'!), ZT (2.67 t ha''), PBB (2.60t ha),
PNB+R (2.49 t ha'!), PNB (2.23 t ha!) and CT (1.96t ha!) treatment. Similar trend
was observed at 60 DAS. Accumulated biomass at 60 DAS was increase up to 3.85-
555 t ha! in different treatments. PBB+R treatment had highest biomass
accumulation and CT treatment had lowest value throughout the growing period. At
90 DAS, PBB+R treatment had biomass 8.56 t ha™! followed by ZT+R (8.42 t ha'!),
ZT (8.38 tha'!), PBB (7.50 t ha!), PNB+R (7.0 t ha'!) and PNB (6.96 t ha'!). Lowest
value was found under CT (6.88 t ha!) (Fig. 26). At harvest maximum biomass was
accumulated in PBB+R treatment (13.6 t ha'!) followed by ZT+R (13.1 tha') and ZT

(12.7 t ha'!) treatment. These three treatments had higher biomass accumulation than
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Fig.23. Biomass under different conservation practices along with conventional
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corresponding values in other treatments. PBB+R and ZT+R treatments had non-
significant biomass accumulation. Lowest biomass accumulation was observed in CT
treatment (10.03 t ha'). CT and PNB treatments had non-significant difference in

biomass accumulation (Table 16).

Table 16: Final biomass (t ha') at harvest under different conservation practices

along with conventional practice in different cropping system

Treatment Maize-wheat cropping system Pigeonpea-wheat cropping
system
Maize Wheat Pigeonpea Wheat
CT 9.37¢ 10.254 7.35¢ 10.03¢
PNB 10.60¢ 10.30¢ 7.89¢ 10.50%
PNB+R 12.04¢ 11.08¢ 9.342 11.124
PBB 14.38% 11.71¢ 8.56° 11.79¢
PBB+R 14.432 13.332 9.892 13.62°
ZT 12.57° 12.50° 7.56% 12.67°
ZT+R 13.97° 12.93 8.86° 13.13%
LSD(0.05) 0.76 1.05 0.65 1.55

4.2.4 Chlorophyll content measured under different conservation practices along

with conventional practices in different cropping system

4.2.4.1 Chlorophyll content of maize in different conservation practices along

with conventional practices in maize-wheat cropping system

Chlorophyll content increased up to flowering stage after that yellowing of
leaves, reduction in photosynthesis pigments and senescence started. Maximum
chlorophyll content was found at 30 DAS in PBB+R treatment (1.60 mg/g) followed
by PBB (1.56 mg/g), ZT+R (1.53 mg/g), ZT (1.52 mg/g), PNB+R (1.50 mg/g) and
PNB (1.47 mg/g). Lowest value of chlorophyll content was found in CT treatment
(1.41 mg/g). Chlorophyll content gradually increased at 60 DAS up to 1.79 mg/g in
PBB+R treatment, followed by PBB (1.75 mg/g), ZT+R (1.73 mg/g), ZT (1.71mg/g),
PNB-+R (1.67 mg/g), PNB(1.63 mg/g) and CT (1.59 mg/g) treatment. Maximum
chlorophyll content was observed at 90 DAS, in PBB+R (1.94 mg/g), PBB (1.90
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mg/g), ZT+R (1.87mg/g), ZT (1.84mg/g), PNB+R (1.76 mg/g) and PNB (1.72 mg/g).
Lowest value was found under CT treatment (1.65 mg/g). PBB+R and PBB treatment

had non-significant difference (Fig. 27).

4.2.4.2 Chlorophyll content of wheat in different conservation practices along

with conventional practices in maize-wheat cropping system

The chlorophyll content at 30 DAS was maximum under PBB+R treatment
(1.29mg/g) followed by ZT+R (1.27 mg/g). These two treatments had non- significant
difference in chlorophyll content. In other treatments chlorophyll content varied from
1.19 mg/g to 1.06 mg/g. Chlorophyll content at 60 DAS was found maximum under
PBB+R (1.51 mg/g), followed by PBB (1.50 mg/g) and ZT (1.47 mg/g). CT treatment
had lowest value (1.28 mg/g). Maximum chlorophyll content was at flowering stage
(around 90 DAS) under PBB+R treatment (1.62 mg/g) followed by ZT+R (1.60
mg/g), ZT (1.58 mg/g), PBB (1.55 mg/g), PNB+R (1.51 mg/g), PNB (1.47 mg/g) and
CT (1.45 mg/g) treatment. The PBB+R, ZT+R and ZT had non-significant difference
in chlorophyll content at 60 and 90 DAS (Fig. 28). Similarly CT treatment had non-

significant value for chlorophyll content with PNB treatment.

4.2.4.3 Chlorophyll content of pigeonpea in different conservation practices

along with conventional practices in pigeonpea-wheat cropping system

Highest chlorophyll content was observed in residue treatments. At 35 DAS,
chlorophyll content was highest under PBB+R treatment (1.83 mg/g), followed by
PNB+R (1.79 mg/g) and ZT+R (1.71 mg/g). In other conservation treatments it varied
from 1.58 mg/g to 1.63 mg/g of leaf fresh weight. Least value of chlorophyll content
was found under CT treatment (1.54 mg/g). At 70 DAS, PBB+R treatment had 2.17
mg/g chlorophyll content followed by PNB+R (2.12 mg/g) and in other treatments
varied from 2.09 mg/g to 1.82 mg/g. At 105 DAS, it was increased up to 2.23 mg/g in
PBB+R treatment followed by PNB+R (2.20 mg/g), ZT+R (2.13 mg/g), PBB (2.05
mg/g), PNB (1.94 mg/g) and ZT (1.90 mg/g) treatment. The lower value of
chlorophyll content was found under CT treatment (1.87 mg/g). There was non-
significant difference among residue treatments (PBB+R, PNB+R, ZT+R) but these
treatments had higher values then corresponding value in other treatments. The CT
treatment had lowest chlorophyll content but it was non-significant from PNB

treatment (Fig. 29).
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Fig.27. Chlorophyll content under different conservation practices along with
conventional practice in maize during crop growing season in maize —
wheat cropping system
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Fig.29. Chlorophyll content under different conservation practices along with
conventional practice in pigeonpea during crop growing season in
pigeonpea—wheat cropping system
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4.2.4.4 Chlorophyll content of wheat in different conservation practices along

with conventional practices in pigeonpea-wheat cropping system

Maximum chlorophyll content was found in PBB+R treatment (1.37 mg/g)
followed by ZT+R treatment (1.34 mg/g) at 30 DAS. Other treatments had
chlorophyll content between 1.17-1.31 mg/g. Chlorophyll content gradually increased
at 60 DAS up to 1.69 mg/g in PBB+R treatment followed by ZT+R (1.67 mg/g), ZT
(1.62 mg/g), PBB (1.59 mg/g), PNB+R (1.53 mg/g) and PNB (1.48 mg/g) treatment.
Lowest value was found in CT treatment (1.43 mg/g). Maximum chlorophyll content
was found at 90 DAS under PBB+R treatment (1.83 mg/g) followed by ZT+R (1.80
mg/g), ZT (1.74 mg/g), PBB (1.71 mg/g), PNB+R (1.66 mg/g), PBB(1.62 mg/g) and
CT (1.53 mg/g) treatment. PBB+R and ZT+R treatment had non-significant difference
in chlorophyll content but these two treatments had higher value of chlorophyll
content as compared to corresponding value in other treatments throughout the crop

growing period (Fig. 30).

4.2.5 Leaf water potential measured under different conservation practices along

with convention practice in different cropping system

4.2.5.1 Leaf water potential in maize under different conservation practices

along with convention practice in maize-wheat cropping system

Leaf water potential values gradually decreased from initial vegetative phase
to physiological maturity. Leaf water potential ranged between -1.11MPa to -
1.44MPa at 30 DAS. Maximum leaf water potential was found under PBB+R
treatment (-1.11MPa) followed by PBB treatment (-1.16 MPa), ZT+R (-1.21MPa), ZT
(-1.30 MPa), PNB+R (-1.36 MPa), PNB (-1.41 MPa) and CT (-1.44 MPa) treatment.
At 60 DAS leaf water potential was -1.37 MPa in PBB+R treatment followed by PBB
(-1.41 MPa) treatment. Rest of the treatments had leaf water potential ranged between
-1.45 MPa to -1.69MPa. Leaf water potential at 90 DAS was found between -
1.52MPa to -1.83 MPa. Maximum values was found under PBB+R treatment (-1.52
MPa) followed by PBB (-1.54 MPa), ZT+R (-1.61 MPa), ZT (-1.72 MPa), PNB+R (-
1.77MPa), PNB (-1.81 MPa) and CT (-1.83 MPa) treatment. Water potential
gradually decreased from 30 to 90 DAS. PBB+R and PBB treatments had non-
significant difference in water potential values but had significantly higher values as

compared to corresponding value in other treatments (Fig. 31).
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4.2.5.2 Leaf water potential in wheat under different conservation practices
along with convention practice in maize-wheat cropping system

Leaf water potential at 30 DAS in wheat crop sown after maize had highest
value under PBB+R treatment (-1.57MPa) and lowest values under CT (-1.79MPa).
Other conservation treatments had leaf water potential values between -1.58MPa to-
1.78MPa. PBB+R and ZT+R treatments had non-significant difference in leaf water
potential. Leaf water potential at 60 DAS varied between -1.69 MPa to -1.84 MPa. At
90 DAS leaf water potential had maximum values in PBB+R treatment (-1.76 MPa)
followed by ZT+R (-1.78 MPa), ZT (-1.81 MPa), PBB (-1.83 MPa), PNB+R (-1.85
MPa) and PNB (-1.93MPa) treatment. Lowest value was found in CT treatment (-1.94
MPa). PBB+R treatment had highest leaf water potential values followed by ZT+R
treatment during crop growing period. These two treatments had non-significant
difference but had higher values than corresponding values in other treatments. CT

and PNB treatment had non-significant difference (Fig. 32).

4.2.5.3 Leaf water potential in pigeonpea under different conservation practices

along with convention practice in pigeon pea-wheat cropping system

In pigeonpea leaf water potential measured at 45, 90 and 135 DAS. Maximum
leaf water potential was found at 45 DAS which was gradually decreased up to
physiological maturity. Residue treatments had highest values of leaf water potential
than corresponding value in other treatments. At 45 DAS, PBB+R treatment had
highest value (-0.70 MPa) followed by PNB+R (-0.72 MPa) and ZT+R (-0.75 MPa)
treatment. In other treatments leaf water potential values varied from -0.82 MPa to -
0.86 MPa. Value of leaf water potential in PBB+R was -0.82 MPa followed by PNB
(-0.83MPa), ZT (-0.85 MPa) and CT (-0.86MPa) treatment. At 90 DAS leaf water
potential gradually decreased as compared to leaf water potential at 45 DAS.
Maximum values of leaf water potential was found under PBB+R (-0.91MPa)
followed by PNB+R (-0.93 MPa) and ZT+R (-0.98 MPa) treatment. Lowest value of
leaf water potential was found under CT treatment (-1.12 MPa). Leaf water potential
was found lowest at 135 DAS and decreased from -0.70MPa (at 45 DAS) to -
1.12MPa (at 135 DAS) in PBB+R treatment. Other treatments had water potential
within -1.15 MPa to -1.36 MPa. Residue treatments (PBB+R, PNB+R and ZT+R) had
higher leaf water potential values than corresponding value in other treatments (Fig.

33).



80

4.2.5.4 Leaf water potential in wheat under different conservation practices

along with convention practice in pigeon pea-wheat cropping system

Leaf water potential at 30 DAS was highest under PBB+R treatment
(-1.61MPa) followed by ZT+R (-1.62 MPa), ZT (-1.66 MPa), PBB (-1.69 MPa),
PNB+R (-1.70MPa) and PNB (-1.71 MPa) treatment. CT treatment had lowest value
(-1.74MPa) of leaf water potential. As plant growth increased the leaf water potential
decreased and had higher negative values. At 60DAS, leaf water potential ranged
between -1.72 MPa to -1.88MPa. Leaf water potential at 90 DAS decreased upto -
1.92 MPa in PBB+R treatment followed by ZT+R (-1.95 MPa), ZT (-1.92 MPa), PBB
(-2 MPa), PNB+R (-2.06MPa), PNB (-2.09MPa) and CT (-2.11MPa) treatment.
Among all the treatments PBB+R treatment had highest value of leaf water potential
followed by ZT+R treatment. PBB+R and ZT+R treatments had non-significant
difference but had higher value of leaf water potential than corresponding value in

other treatments (Fig. 34).

4.2.6 Relative water content measured under different conservation practices

along with convention practice in different cropping system

4.2.6.1 Relative water content in maize under different conservation practices

along with convention practice in maize-wheat cropping system

Relative water content (RWC) of leaves varied among different treatments as
well as at different stages of crop growth. Higher value of RWC was observed under
residue treatments and lowest value of RWC was observed under CT treatment. In
initial stages of crop growth leaves had higher water content which gradually decrease
with plant growth. Maximum RWC at 30 DAS was observed under PBB+R treatment
(92.4%) followed by PBB (90%), ZT+R (89.4%), ZT (87.9%), PNB+R (85.5%) and
PNB (82.4%) treatment. Lowest value was observed in CT treatment (81.8%).
PBB+R and PBB treatments had non-significant difference but had higher RWC than
corresponding value in other treatments. RWC values at 60 DAS, decreased up to
87.8% under PBB+R treatment. In other conservation treatments it varied within 85.5
to 78.3% and lowest value was found under CT treatment (77.7%). At 90 DAS, RWC
decreased up to 83% in PBB+R treatment followed by PBB (80.9%), ZT (80.5%), ZT
(78.9%), PNB+R (76.8%) and PNB (75%) treatment. Lowest value was observed
under CT treatment (73.6%). The PBB+R, ZT+R and PBB treatments had non-
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significant difference at 90 DAS. Similarly CT and PNB treatment had non-
significant difference throughout the crop growing period (Fig. 35).

4.2.6.2 Relative water content in wheat under different conservation practices

along with convention practice in maize-wheat cropping system

Different conservation practices significantly affect the soil hydrological
properties which affect relative water content (RWC) in crops. Maximum RWC at 30
DAS was found under PBB+R treatment (93.5%) followed by ZT+R (92.7%), ZT
(92%), PBB (89.3%), PNB+R (87.4%) and PNB (85.2%) treatment. CT treatment had
lowest value of RWC (83.3%). At 60 DAS, RWC values decreased up to 92.5% in
PBB+R treatment followed by ZT-+R (91.8%). In other conservation treatments, RWC
value was between 90.2 to 84% and CT treatment had lowest RWC value (80.4%). At
90 DAS, RWC values further decreased from 88.5 to 79.1%. Maximum RWC was
observed under PBB+R (88.5%) followed by ZT+R (86.8%), ZT (85.6%), PBB
(84.7%), PNB+R (83.6%), PNB (80.1%) and CT (79.1%) treatment. PBB+R and
ZT+R treatments had non-significant difference but these treatments had higher value

than corresponding value in other treatments (Fig. 36).

4.2.6.3 Relative water content in pigeonpea under different conservation
practices along with convention practice in pigeonpea-wheat cropping

system

RWC was measured at 35, 70, 105 and 140 DAS in pigeonpea. RWC
gradually decreased from vegetative stage to physiological maturity. Maximum RWC
was found at 35 DAS and lowest value was found at 140 DAS. RWC value at 35 DAS
varied between 87.5 to 76.4%. Highest value was found under PBB+R treatment
(87.5%) followed by PNB+R (85.5%) and ZT+R (83.1%) treatment. At 70 DAS,
RWC decreased from 85.2to 74.5% under different treatments. At 105 DAS, RWC
values ranged between 80.4 to 70.3%. At 140 DAS, highest value was found under
PBB+R treatment (77.8%) followed by PNB+R (76.1%), ZT+R (73.98%), PBB
(73.4%), PNB (72.9%) and ZT (70.3%) treatment. Lowest value of RWC was found
under CT treatment (70%) (Fig. 37). PBB+R and PNB+R treatment had non-
significant difference but had significantly higher RWC than corresponding value in
other treatments at 140 DAS.
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Fig.32. Water potential under different conservation practices along with
conventional practice in wheat during crop growing season in maize —
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conventional practice in wheat during crop growing season in
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4.2.6.4 Relative water content in wheat under different conservation practices

along with convention practice in pigeon pea-wheat cropping system

RWC values at 30 DAS ranged within 94 to 84.4%. At 30 DAS, highest value
was found in PBB+R treatment (94%) followed by ZT+R (93.6%), ZT (92.9%), PBB
(90%), PNB+R (88.3%) and PNB (86.2%) treatment. Lowest value was found under
CT (84.1%) treatment. PBB+R, ZT+R and ZT treatments had non-significant
difference but had significantly higher values as compared to corresponding value in
other treatments. At 60 DAS, RWC decreased from 92.7 to 81.2%. Highest value was
found under PBB+R treatment (92.7%) followed by ZT+R (92.5%) and ZT (90.2%)
treatment. Lowest value was found under CT treatment (81.2%). PBB+R and ZT+R
treatments had non- significant difference. At 90 DAS, RWC decreased up to 89% in
PBB+R treatment followed by ZT+R (87.7%), ZT(86.5%), PBB(85.5%), PNB+R
(84.5%) and PNB(80.9%) treatment. RWC values had non-significant difference
within PBB+R and ZT+R treatments but these treatments had higher RWC as

compared to corresponding value in other treatments (Fig. 38).

4.2.7 Radiation use efficiency (RUE) in different conservation practices along

with conventional practice under different cropping system

4.2.7.1 Radiation use efficiency (RUE) in maize under different conservation
practices along with conventional practice in maize-wheat cropping

system

RUE had lower values at 30 DAS which gradually increased up to flowering
stage. Maximum RUE was found in PBB+R treatment (1.30 g/MJ) followed by PBB
(1.24 g¢/MJ) and ZT+R (1.18 g/MJ). Lowest value of RUE was found in CT treatment
(1.05 g/MJ) at 30 DAS. At 60 DAS, RUE gradually increased under PBB+R
treatment (2.98 g/MJ). Other treatments had RUE between 2.42- 2.97 g/MJ. In case of
maize crop, maximum RUE was found at 90 DAS. Maximum RUE was found in
PBB+R treatment (3.35 g/MJ) followed by PBB (3.26 g/MJ), ZT+R (3.21 g/MJ), ZT
(3.17 g/MJ), PNB+R (2.97 g/MJ) and PNB (2.89 g/MJ) treatment. Lowest RUE value
was found in CT treatment (2.78 g/MJ). PBB+R, PBB and ZT+R treatments had
significantly higher RUE than other treatments (Fig. 39). Radiation use efficiency at
total dry matter (RUETpMm) was 2.95 g/MJ under PBB+R treatment that was highest
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over rest of the treatments. Other treatments had RUErpm values ranged between

2.35-2.85 g/MJ (Table 17).

4.2.7.2 Radiation use efficiency in wheat under different conservation practices

along with conventional practices in maize-wheat cropping system

RUE had lowest values (<1.0 g/MJ) in most of the treatments at 30 DAS.
PBB+R (1.10 g/MJ) and ZT+R (1.07 g/MJ) treatments had RUE value higher than 1.0
g/MJ. At 60 DAS, values of RUE under different conservation treatments ranged
between 1.87 to 2.32 g/MJ. CT treatment had minimum value of RUE (1.71 g/MJ). At
90 DAS, maximum RUE was observed in PBB+R treatment (2.59 g/MJ) followed by
ZT+R (2.54 g/M)), ZT(2.44g/MJ), PBB(2.35g/MJ), PNB+R (2.25 g/MJ) and PNB
(2.10 g/MJ) treatment. Lowest value was found under CT treatment (1.92 g/MJ) (Fig.
40). Radiation use efficiency calculated at total dry matter (RUETpM) was ranged
between 1.67 to 2.07 g/MJ in different conservation treatments. Highest value was
found in PBB+R treatment (2.07 g/MJ) followed by ZT+R (2.04 g/MJ) treatment.
These two treatments had non-significant difference but they had higher RUE than
other treatments. Minimum value of RUE at total dry matter (RUErpm) was found in
CT treatment (1.60 g/MJ) which had non-significant value with PNB treatment (1.67
g/MJ) (Table 17).

4.2.7.3 Radiation use efficiency in pigeonpea under different conservation
practices along with conventional practice in pigeon pea-wheat cropping

system

Pigeonpea crop had lower RUE values as compared to wheat and maize. At 35
DAS pigeonpea had RUE less than 1.0 g/MJ. At 70 DAS, RUE gradually increased
and ranged between 1.14-1.39 g/MJ under different treatments. Residue treatments
had higher RUE than other treatments. Maximum RUE at 105 DAS was found under
PBB+R treatment (1.62 g/MJ) followed by PNB+R (1.60 g/MJ) and ZT+R (1.54
g/MJ) treatment. Other conservation treatments had RUE between 1.36-1.50 g/MJ.
Minimum RUE was found in CT treatment (1.28g/MJ) (Fig. 41). Radiation use
efficiency value at total dry matter (RUETpm) was ranged between 1.01g/MJ to 1.22
g/MJ. CT (1.01 g/MJ) and PNB (1.07 g/MJ) treatment had non-significant difference
for RUETpm. Maximum value of RUETtpm was found under PBB+R treatment (1.22
g/MJ) followed by ZT+R (1.20 g/MJ) and PNB+R (1.18 g/MJ) treatment. These three
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treatments performed similar RUE but had significantly higher values as compared to

corresponding value in other treatments (Table 17).

4.2.7.4 Radiation use efficiency in wheat under different conservation practices

along with conventional practice in pigeon pea-wheat cropping system

RUE calculated at 30 DAS in wheat crop sown after pigeonpea was ranged
between 0.86g/MJ to 1.11g/MJ. Maximum value of RUE was found in PBB+R
treatment followed by ZT+R treatment. At 30 DAS there was non-significant
difference in RUE under most of treatments. At 60 DAS, lower RUE value was 1.72
g/MJ in CT treatment while higher RUE was found under PBB+R treatment (2.18
g/MJ). In other treatments value of RUE ranged between 1.76-2.14 g/MJ. At 90 DAS,
maximum RUE occurred in PBB+R treatment (2.71 g/MJ) followed by ZT+R (2.69
g/MJ) treatment. PBB+R and ZT+R treatments had non-significant difference at 90
DAS (Fig. 42). These treatments had higher values of RUE as compared to
corresponding value in other treatments. Radiation use efficiency at total dry matter
(RUETDM) was maximum under PBB+R treatment (2.13 g/MJ) followed by ZT+R
(2.10 g/MJ), ZT (1.97 g/MJ), PBB(1.92 g/MJ) PNB+R (1.81 g/MJ) and PNB (1.72
g/M1J). Lowest value was found in CT treatment (1.66 g/MJ) which perform similar to
PNB treatment. PBB+R and ZT+R treatments had non-significant difference in
RUETDpM but they had significantly higher values as compared to corresponding value

in other treatments (Table. 17).

4.2.8 Radiation use efficiency for grain yield (RUEgy) under different
conservation practices along with conventional practice in different

cropping system

4.2.8.1 Radiation use efficiency for grain yield (RUEgy) in maize crop under
different conservation practices along with conventional practice in

maize-wheat cropping system

The effect of different tillage and residue treatments on RUEGy are shown in
table 18. In maize crop, RUEGy value ranged between 1.02- 1.17 g/MJ. Value of
RUEGy under PBB+R (1.17 g/MJ) followed by PBB (1.16 g/MJ), ZT+R (1.16 g/MJ),
ZT (1.14 g/MJ), PNB+R (1.13 g/MJ), PNB (1.10 g/MJ) and CT (1.02 g/MJ)
treatment. PBB+R, PBB, ZT+R and ZT treatments had significantly higher RUEgy
than CT treatment.
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Table 17: Radiation use efficiency for total dry matter (g/MJ) under different
Conservation practices along with conventional practice in maize-

wheat and pigeonpea-wheat cropping system

Treatment Maize-wheat cropping system Pigeonpea-wheat cropping
system

Maize Wheat Pigeonpea Wheat
CT 2.35¢ 1.604 1.01¢ 1.66°
PNB 2.46¢ 1.674 1.07% 1.72¢
PNB+R 2.64¢ 1.76% 1.18% 1.81%
PBB 2.85° 1.86°¢ 1.10%¢ 1.92¢4
PBB+R 2.95° 2.07* 1.22° 2.132
7T 2.72¢ 1.91b¢ 1.04¢ 1.97%
ZT+R 2.82° 2.04% 1.20% 2.10%
LSD(0.05) 0.15 0.13 0.11 0.18

4.2.8.2 Radiation use efficiency for grain yield (RUEgy) in wheat crop under
different conservation practices along with conventional practices in

maize-wheat cropping system

RUEGy was maximum under PBB+R treatment (0.85g/MJ) followed by ZT+R
(0.82 g/MJ), ZT (0.80 g/MJ),PBB (0.80 g/MJ), PNB+R (0.77 g/MJ) and PNB(0.73
g/MJ) treatment. Lowest value was found under CT treatment (0.72g/MJ). PBB+R,
ZT+R, PBB and ZT treatments had non-significant difference. Similarly CT treatment
was non-significant with PNB and PNB+R treatments (Table. 18).

4.2.8.3 Radiation use efficiency for grain yield (RUEgy) in pigeonpea crop under
different conservation practices along with conventional practices in

maize-wheat cropping system

Pigeonpea had lowest RUE at grain yield as compared to corresponding values
in wheat and maize crop. Maximum RUEGy was under PBB+R treatment (0.32 g/MJ)
followed by PNB+R (0.30 g/MJ), ZT+R (0.28 g/MJ), PBB (0.27 g/MJ), PNB (0.24
g/MJ) and ZT (0.23 g//MJ) treatment. Residue treatments had higher RUEgy than
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other treatments. Lowest RUEGy was found under CT treatment (0.21 g/MJ) (Table
18).

4.2.8.4 Radiation use efficiency for grain yield (RUEgy) in wheat crop under
different conservation practices along with conventional practices in

pigeonpea-wheat cropping system

Maximum RUEcy was under PBB+R treatment (0.88 g/MJ) followed by
ZT+R (0.87 g/MJ), ZT (0.86 g/MJ), PBB (0.84 g/MJ), PNB+R (0.79 g/MJ) and PNB
(0.78 g/MJ) treatment. CT treatment (0.76 g/MJ) had lowest RUEGy than other
treatments (Table. 18). PBB+R, ZT+R, ZT and PBB treatments had non-significant
difference and PBB+R treatment had significantly higher RUEGy than CT treatment.

Table 18: Radiation use efficiency for grain yield (g/MJ) under different
Conservation practices along with conventional practice in maize-

wheat and pigeonpea-wheat cropping system

Treatment Maize-wheat cropping system Pigeonpea-wheat cropping
system

Maize Wheat Pigeonpea Wheat
CT 1.02° 0.724 0.21¢ 0.76¢
PNB 1.10% 0.73¢ 0.24b¢ 0.78¢
PNB+R 1.13%® 0.77b<d 0.30% 0.79%¢
PBB 1.16 0.80%¢ 0.272b¢ 0.842b¢
PBB+R 1.172 0.852 0.322 0.882
7T 1.142 0.803b¢ 0.23% 0.86%®
ZT+R 1.16 0.823 0.28ab¢ 0.87%
LSD(0.05) 0.03 0.07 0.04 0.08
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4.2.9 Yield and yield attributes measured under different conservation practices

along with conventional practice in different cropping system

4.2.9.1 Yield and yield attributes of maize crop under different conservation
practices along with conventional practice in maize-wheat cropping

system

Different Conservation treatments improved soil condition which effects the
crop growth, resulting increased crop yield, one thousand seed weight, cob weight and
seeds per cob under different conservation practices as compared to conventional
treatment. PBB+R had maximum yield (5736 kg/ ha) followed by PBB (5632 kg/ ha),
ZT+R (5598 kg/ ha), ZT (5411 kg/ ha), PNB+R (5286 kg/ ha) and PNB (4924 kg/ ha)
treatment. Lowest yield was found under CT treatment (4246 kg/ ha) (Table 19). PBB
had 35% more yield as compared to CT treatment. PBB had 32.6%, ZT+R had 31.8%,
ZT had 27.4%, PNB+ R had 24.5% and PNB had 15.9% more yield as compared to
CT treatment. Similar to yield, PBB+R had maximum 1000 seed weight (296 g), cob
weight (147 g) and seeds per cob (393). CT treatment had minimum values for 1000
seed weight (231 g), cob weight (109 g) and seeds per cob (277). PBB, PBB+R, ZT
and ZT+R treatment had non-significant difference but these treatments had higher

value of yield as compared to corresponding value in other treatments.

4.2.9.2 Yield and yield attributes of wheat crop under different conservation
practices along with conventional practice in maize-wheat cropping

system

In wheat crop maximum grain yield was observed in PBB+R treatment (5294
kg/ha) followed by ZT+R (5174 kg/ha), ZT (5012kg/ha) and PBB (4912 kg/ha)
treatment. These treatments had significantly higher value than other three treatments
but within these treatments there was non- significant difference. PNB+R had 4862
kg/ha, PNB had 4782 kg/ha and CT had 4635 kg/ha grain yield. CT treatment had
lowest yield as compared to other treatments.1000 seed weight within different
treatments ranged between 40.8- 43.3 g. 1000 seed weight had higher value in PBB+R
treatment. 1000 seed weight values had non-significant difference among all
treatments. Number of spike/m? was found higher value in PBB+R treatment (365)
followed by ZT+R (358) and ZT (351) treatment. Number of spike/m? in other
treatments ranged between 339 to 348. Number of spike/m? in PBB+R and ZT+R
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treatment was non-significant. Number of grains/spike in different treatments ranged
within 43.8-49.1. Maximum value was found in PP+B treatment (49.1) and lowest
value was found in CT treatment (43.8). PBB+R, ZT+R, ZT, PBB and PNB-+R
treatment had non-significant difference (Table 20).

Table 19: Yield and yield attributes in maize crop under different Conservation

practices along conventional practice in maize-wheat cropping system

Treatment Seed yield 1000 seed weight Cob weight Seeds/cob

(kg/ha) (2 (2
CT 4246¢ 231¢ 109¢ 277¢
PNB 4924b 2444 114¢ 299¢
PNB+R 528620 257¢ 120¢ 3224
PBB 56328 292ab 1452 3908
PBB+R 57362 2962 1472 3932
ZT 54112b 265°¢ 132b 340°
ZT+R 55982 283b 13920 368
341 38 18 56
LSD(0.05)

Table 20: Yield and yield attributes of wheat crop under different conservation

practices along with conventional practice in maize-wheat cropping

system
Treatment Grain yield 1000 seed No. of No. of
(kg/ha) weight (g) spike/m? grains/spike
CT 46354 40.8 3394 43.8°
PNB 4782¢ 41.4 342¢d 45.7%
PNB+R 4862b 41.6 346 46.3%¢
PBB 4912b<d 42.4 348bed 47.9%
PBB+R 5294° 433 365° 49.1°
7T 5012ab¢ 42.1 3510¢ 48.3%
ZT+R 51742 42.8 358% 48.6°
LSD(0.05) 373 NS 16 2.11
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4.2.9.3 Yield and yield attributes of pigeonpea crop under different conservation
practices along with conventional practice in pigeonpea -wheat cropping

system

Residue treatments (PBB+R, PNB+R and ZT+R) provided better
microenvironment. These three treatments had better growth resulting higher yield.
PBB+R had maximum yield (2211 kg/ha) followed by PNB+R (2072 kg/ha), ZT+R
(2064 kg/ha), PBB (2035 kg/ha), PNB (2032 kg/ha) and ZT (1992 kg/ha) treatment.
Lowest yield was found in CT treatment (1816 kg/ha). 1000 seed weight ranged from
90.5 g to 82.7 g within different conservation treatments. Lowest value for 1000 seed
weight was found in CT (80.4 g) treatment. Number of pods per plant had maximum
value 164 in PBB+R treatment followed by PNB+R (154) and ZT+R (145) treatment.
Yield, 1000 seed weight and number of pods per plant had higher values in PBB+R
and PNB+R treatment as compared to corresponding value in other treatments. These
two treatments had non-significance difference at 5% level of significance. Number of
seeds/ 100 pods had maximum value 407 under PBB+R treatment and lowest value

under CT treatment (365). CT and ZT treatments were at par (Table 21).

4.9.2.4 Yield and yield attributes of wheat crop under different conservation
practices along with conventional practice in pigeonpea -wheat cropping

system

Seed yield had higher values in different conservation treatments as compared
to CT treatment. PBB+R treatment had maximum yield (5308 kg/ha) followed by
ZT+R (5243 kg/ha), ZT (5071 kg/ha) and PBB (4950 kg/ha) treatment. These
treatments had non-significant difference but had higher values than other treatments.
Lowest yield was found in CT treatment (4533 kg/ha). 1000 seed weight had non-
significant difference in all treatments. Number of spike/m? ranged within 308 to 377.
CT treatments had lowest value of number of spike/m? (308). Number of grains/spike
had maximum value in PBB+R treatment (50.3). In other conservation treatments
value of grain/spike ranged within 43.6 to 50.3. Lowest number of grains/spike was
found in CT treatment (42.9). PBB+R and ZT+R treatment had non- significance

difference in number of grains/ spike (Table 22).
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Table 21: Yield and yield attributes in pigeonpea crop under different

conservation practices along with conventional practice in pigeonpea

-wheat cropping system

Treatment Seed yield 1000 seed No. of No. of
(kg/ha) weight (g) pods/plant | seeds/100 pods

CT 1816° 80.4¢ 116¢ 365¢
PNB 2032 82.7¢ 126¢ 387%®
PNB+R 2072 87.3% 1542 395%
PBB 2035% 85.6% 137¢ 390
PBB+R 22112 90.5% 1642 4072

7T 19922 80.5¢ 119¢ 377
ZT+R 2064%® 86.3% 145% 393
LSD(0.05) 149 4.6 22 31

Table 22: Yield and yield attributes of wheat crop under different conservation

cropping system

practices along with conventional practice in pigeonpea-wheat

Treatment Yield (kg/ha) 1000 seed No. of No. of
weight (g) spike/m? grains/spike

CT 4533¢ 40.8 308 42.94
PNB 4873 41.4 323¢ 43.6%
PNB+R 4877 41.6 3374 44.2¢4
PBB 49502 42.4 344¢d 44.9bcd
PBB+R 5308° 433 377° 50.3*
ZT 5071 42.1 351° 46.7%
ZT+R 52432 42.8 362° 48.3%
LSD(0.05) 517 NS 26 3.9
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4.2.10 System productivity measured under different conservation practices

along with conventional practice in different cropping system

4.2.10.1 System productivity measured under different conservation practices

along with conventional practice in maize-wheat cropping system

Maize crop had wheat equivalent yield (WEY) ranged from 3.57- 4.82 t ha™.
PBB+R treatment had maximum WEY (4.82 t ha!) followed by PBB (4.75 t ha!),
ZT+R (4.69 t ha!), ZT (4.55 t ha'), PNB+R (4.44 t ha') and PNB (4.14 t ha!)
treatment. Lowest value of WEY was found in CT treatment (3.57 t ha!). PBB+R,
PBB, ZT+R, ZT, PNB+R treatments had non-significant difference but they had
higher value than other treatments. Final WEY or system productivity was found
maximum in PBB+R treatment (10.1 t ha') and lowest WEY in CT treatment (8.2 t
ha'!). PBB, PBB+R, ZT and ZT+R treatment had similar value and these treatments
had higher WEY than PNB+R, PNB and CT treatment (Table 23).

Table 23: System productivity measured under different conservation practices

along with conventional practice in maize-wheat cropping system

Treatment Maize yield Wheat Wheat yield System
(t/ha) equivalent yield (t/ha) productivity
of maize (t/ha) (WEY)
CT 4.25¢ 3.57¢ 4.644 8.20¢
PNB 4,920 4.14* 4.78% 8.92¢
PNB+R 5.293 4.44% 4.86°d 9.30b°
PBB 5.632 4.75% 4.91bcd 9.65%®
PBB+R 5.742 4.82° 5.292 10.102
7T 5.41%® 4.55% 5.012b¢ 9.55ab¢
ZT+R 5.60* 4.69* 5.174 9.86
LSD(0.05) 0.34 0.40 0.37 0.55

4.2.10.2 System productivity measured under different conservation practices

along with conventional practice in pigeonpea-wheat cropping system

Pigeonpea crop had maximum wheat equivalent yield (WEY) in PBB+R
treatment (6.87 t ha!) followed by ZT+R (6.54 t ha!), PNB+R (6.44 t ha!), PBB
(6.33 t ha!), PNB (6.31 t ha!), ZT (6.19 t ha!) and CT (5.64 t ha'!) treatment. PBB,
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ZT+R, PNB+R and PNB perform similar to PBB+R treatment. These treatments had
non-significant difference. Lowest WEY was found in CT treatment (5.64 t ha'').
Final WEY or system productivity had maximum value in PBB+R (12.18 t ha™')
treatment. Other conservation treatments had system productivity ranged between
10.69 to 11.78 t ha!. System productivity had lowest value in CT treatment (9.82 t ha-
. PBB+R, ZT+R, PBB and ZT treatments had non-significant difference (Table 24).

Table 24: System productivity measured under different conservation practices

along with conventional practice in pigeonpea-wheat cropping system

Treatment Pigeonpea yield Wheat Wheat yield System
(t/ha) equivalent yield (t/ha) productivity
of pigeonpea (WEY)
(t/ha)
CT 1.82° 5.64° 4.53¢ 9.82¢
PNB 2.03% 6.31%® 4.87%¢ 10.69%
PNB+R 2.07% 6.44%° 4.88¢ 10.97"
PBB 2.04%° 6.33% 4.95% 11.28%
PBB+R 2.21° 6.87% 5312 12.28°
7T 1.99% 6.19% 5.07% 11.26%
ZT+R 2.06% 6.54* 5.242 11.78%
LSD(0.05) 0.15 0.57 0.52 0.76

4.1.11 Relationship between different crop biophysical and micrometeorological

Parameters

4.1.11.1 Pearson correlation coefficients of grain yield with agro-meteorological

indices at harvest in maize-wheat cropping system

The results obtained from the correlation analysis indicates that grain yield
were highly significant and positively correlated with growing degree days at harvest.
In maize crop GDD, HTU, PTI, RTD, PTU, HUE and yield relationship were found
significant. Maize yield was positively correlated with GDD (r = 0.921**), HTU (r =
0.927**), PTI (r = 0.874**), RTD (r = 0.891%*), PTU (r = 0.906**) and HUE (r =
0.936**) (Table 25).Similarly wheat yield was positively correlated with GDD (r
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=0.916**), HTU (r = 0.843**), PTI (r = 0.842%), RTD (r = 0.835**), PTU (r =
0.837**) and HUE (r = 0.915*%*) (Table 26).

Table 25: Pearson correlation coefficients of maize grain yield with agro-

meteorological indices in maize-wheat cropping system at harvest

YIELD | GDD HTU PTI RTD PTU HUE
YIELD |1
GDD 0.921™ |1
HTU 0.927 10918 |1
PTI 0.874™ | 0.877 | 0.850"" |1
RTD 0.891" 0.955™ 1 0.957"" | 0.846" 1
PTU 0.906™ | 0.943™ |0.958™ | 0.876"™ |0.985" |1
HUE 0.936™ | 0.924™ | 0.945" 0.845" 0.795" 0.853" 1

*: Correlation is significant at the 0.05 level; **: Correlation is significant at the 0.01 level

Table 26: Pearson correlation coefficients of wheat grain yield with agro-

meteorological indices in maize-wheat cropping system at harvest

YIELD | GDD HTU PTI RTD PTU HUE
YIELD |1
GDD 0.916™ |1
HTU 0.843" 10.854™ |1
PTI 0.842" 0.690° | 0.747" 1
RTD 0.835" [0.852"* [0.917™ |0.771" 1
PTU 0.837 | 0.853" [0.931™ |0.754" 0.939" |1
HUE 0.915 [0.919™ |0.803" 0.775" 0.791" 0.794" 1

*: Correlation is significant at the 0.05 level; **: Correlation is significant at the 0.01 level
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4.1.11.2 Pearson correlation coefficients of grain yield with agro-meteorological

indices at harvest in pigeonpea-wheat cropping system

In pigeonpea crop GDD, HTU, PTI, RTD, PTU, HUE and grain yield
relationship were found significant. Pigeonpea yield was positively correlated with
GDD (r = 0.709**), HTU (r = 0.825*%*), PTI (r = 0.691**), RTD (r = 0.736**), PTU
(r = 0.815**) and HUE (r = 0.895**) (Table 27).Similarly wheat grain yield in
pigeonpea-wheat cropping system was positively correlated with GDD (r =0.908**),
HTU (r = 0.822**), PTI (r = 0.852**), RTD (r = 0.867**), PTU (r = 0.862**) and
HUE (r = 0.963*%*) (Table 28). Thermal indices were better correlated with grain yield
in wheat crop than pigeonpea crop.

Table 27: Pearson correlation coefficients of pigeonpea grain yield with agro-
meteorological indices in pigeonpea-wheat cropping system at harvest

YIELD |GDD | HTU PTI RTD PTU HUE
YIELD |1
GDD 0.709" |1
HTU 0.825" 10918 | 1
PTI 0.691" | 0.863" | 0877 |1
RTD 0.736™ 10.9317" | 0.919™ |0.914™ |1
PTU 0.815™ ]0.8917" | 0.909™" |0.905™ |0.911™ |1
HUE 0.895™ | 0.711" | 0.753% 0.831" [0.885™ ]0.865 |1

*: Correlation is significant at the 0.05 level; **: Correlation is significant at the 0.01 level

Table 28: Pearson correlation coefficients of wheat grain yield with agro-
meteorological indices in pigeonpea-wheat cropping system at

harvest
YIELD | GDD HTU PTI RTD PTU HUE
YIELD | 1
GDD | 0.908" |1
HTU |0.822" |0.918" |1
PTI 0.852"" 1 0.928" |0.951™ |1
RTD 0.867 | 0.911™ |0.948™ |0.957" |1
PTU 0.862" | 0.953" | 0.908™ |0.892" |0.901" |1
HUE |0.923" |0.857"" |0.848" |0.904™ |0.823™ |0.726° 1

*: Correlation is significant at the 0.05 level; **: Correlation is significant at the 0.01 level
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4.1.12: Relationshipbetween cumulative intercepted photosynthetically active
radiation (CIPAR) and crop biomass under different treatments

4.1.12.1 Relationship between cumulative intercepted photosynthetically active
radiation (CIPAR) and maize crop biomass under different
conservation practices along with conventional practice in maize-wheat
cropping system
Linear relationship was found between CIPAR and crop biomass. The
regression equation slope showed radiation use efficiency (RUE) within treatments.
CT treatment had minimum value of RUE (2.76g/MJ) with R? value 0.90 (p = 0.020).
PBB+R treatment had maximum RUE (3.48 g/MJ) with R? value 0.99 (p = 0.004). It
was due to more accumulation of biomass at less IPAR values in PBB+R treatment as
compared to the other conservation treatments (Table 29). Other treatments had
regression equation slope between 3.03 to 3.39 g/MJ.
Table 29: Relationship between cumulative intercepted photosynthetically active
radiation (CIPAR) and maize crop biomass under different

conservation practices along with conventional practice in maize-
wheat cropping system

Treatment Regression equation R? p-value
CT y=2.76x-192.7 0.90 0.020
PNB y=3.03x- 289.2 0.92 0.022
PNB+R y=3.17x-331.2 0.93 0.020
PBB y=3.39x-376.4 0.91 0.033
PBB+R y=3.48x-412.2 0.99 0.004
7T y=3.31x-354.1 0.92 0.030
ZT+R y=3.42x-383.4 0.95 0.007

4.1.12.2 Relationship between cumulative intercepted photosynthetically active
radiation (CIPAR) and wheat crop biomass under different
conservation practices along with conventional practice in maize-wheat

cropping system

There was linear relationship between CIPAR and wheat crop biomass in
maize-wheat cropping system. Slope of regression equation was maximum in PBB+R

treatment (2.56 g/MJ) with R? value 0.99 (p = 0.001) followed by ZT+R (2.54g/MJ)
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with R? value 0.99 (p = 0.003). Minimum slope was found under CT treatment (2.01
g/MJ) with R? value of 0.87 (p= 0.043) (Table 30). Conservation treatments had more
slope because in these treatments biomass production was more at low interception of
photo synthetically active radiation as compared to corresponding value in

conventional treatment.

Table 30: Relationship between cumulative intercepted photosynthetically active
radiation (CIPAR) and wheat crop biomass under different
conservation practices along with conventional practice in maize-

wheat cropping system

Treatment Regression equation R? p- value
CT y=2.01x-122.7 0.87 0.043
PNB y=2.26x-146.3 0.98 0.004
PNB+R y=2.34x-151.0 0.95 0.013
PBB y=2.42x-153.8 0.99 0.002
PBB+R y=2.56x-209.8 0.99 0.001
7T y=2.49x-167.2 0.97 0.009
ZT+R y=2.54x-189.7 0.99 0.003

4.1.12.3 Relationship between cumulative intercepted photosynthetically active
radiation (CIPAR) and pigeonpea crop biomass under different
conservation practices along with conventional practice in pigeonpea-

wheat cropping system

Linear regression equations were applied to develop the relationship between
crop biomass and CIPAR to estimate RUE. Slope gives a specific value of the
increment by intercepting more units of PAR, which can evaluate the productivity of
the crop. Slope for CT treatment had lowest value (1.10 g/MJ) with R? value of 0.90
(p = 0.005). Conservation treatments had higher slope than CT treatment indicates
that they had higher RUE than CT treatment. Among conservation treatments,
PBB+R had maximum slope 1.56 g/MJ with R? value 0.98 (p = 0.007) followed by
ZT+R (1.50 g/MJ) with R? value 0.97 (p= 0.0015) (Table 31).
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Table 31: Relationship between cumulative intercepted photosynthetically active

radiation (CIPAR) and pigeonpea crop biomass

in different

conservation practices along with conventional practice in pigeonpea-

wheat cropping system

Treatment Regression equation R? p- value
CT y=1.10x-134.9 0.90 0.005
PNB y=1.23x-163.7 0.89 0.003
PNB+R y=1.49x-211.2 0.94 0.007
PBB y=1.38x-198.7 0.91 0.001
PBB+R y=1.56x-236.1 0.98 0.007
ZT y=1.47x-215.7 0.92 0.010
ZT+R y=1.50x-231.6 0.97 0.0015

4.1.12.4 Relationshipbetween cumulative intercepted photosynthetically active

radiation (CIPAR)

and wheat

crop biomass

under different

conservation practices along with conventional practice in pigeonpea-
wheat cropping system

There was linear relationship between crop biomass and CIPAR values in

wheat crop under different treatments (Table 32).

Table 32: Relationship between cumulative intercepted photosynthetically active
radiation (CIPAR) and wheat crop biomass in different conservation

practices along with conventional practice

cropping system

in pigeonpea-wheat

Treatment Regression equation R? p-value
CT y=2.30x-246.9 0.94 0.018
PNB y=2.37x-238.1 0.98 0.004
PNB+R y=2.46x-248.0 0.96 0.012
PBB y=2.51x-270.5 0.98 0.004
PBB+R y=2.67x-335.6 0.99 0.002
7T y=2.56x-270.9 0.96 0.011
ZT+R y=2.63x-320.5 0.99 0.002

Maximum slope was found under PBB+R treatment (2.67 g/MJ) with R?
value 0.99 (p= 0.002) followed by ZT+R (2.63 g/MJ) with R? value 0.99 (p= 0.002).
CT treatment had minimum slope (2.30 g/MJ) with R? value 0.94 (p= 0.018). Under
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conservation treatments PNB had lowest slope 2.37 g/MJ with R? value 0.98 (p=
0.004).

4.30bjective 3: To calculate crop water requirement and water use efficiency
using single crop coefficient, dual crop coefficient and water

balance method under different crop micro environments.

4.3.1 Net radiation under different conservation practices along with
conventional practice in maize-wheat and pigeonpea-wheat cropping

system

The net radiation, the difference between the incoming net shortwave radiation
and the outgoing net long wave radiation, is the fundamental variable for calculation
of evapotranspiration. However, direct measurements were not available for the study
area therefore equation 8 given in the chapter 3 was used for estimating net radiation.
The terms in equation 8 were calculated from meteorological data. Net radiation for
maize, wheat in maize-wheat cropping system and for pigeonpea, wheat in pigeonpea-
wheat cropping system during crop growing period are sown in the Fig. 43, 44

respectively.

4.3.2 Reference evapotranspiration (ETo) under different conservation practices
along with conventional practice in maize-wheat and pigeonpea-wheat

cropping system

The Penman-Monteith equation was used for calculating the reference
evapotranspiration. The value of estimated reference evapotranspiration calculated
daily by Penman-Monteith equation for maize, wheat crop in maize-wheat cropping
system and for pigeonpea, wheat crop in pigeonpea-wheat cropping system are given
in Fig. 45, 46 respectively. Estimated reference crop evapotranspiration was validated
by pan evaporation by multiplying the pan evaporation data with correction factor.
The Figure 47 showed the relationship between estimated reference
evapotranspiration and calculated by pan evaporation had good correlation at R? of
0.87 for maize, 0.89 for wheat in maize-wheat cropping system and 0.86 for
pigeonpea, 0.92 for wheat crop in pigeonpea-wheat cropping system. For maize crop
ETo ranged between 1.8 to 7.6 mm day! during crop growing period in kharif2014
and for wheat ETo ranged between 1.34 to 7.77 mm day™! during the crop growing
period in rabi 2014-15. ETo ranged from 2.76 to 9.6 mm day'for pigeonpea crop
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during crop growing season in kharif 2015 and ETo ranged between 1.87 to 7.6 mm

day'in wheat crop during crop growing season in rabi 2015-16.

4.3.3 Length of crop development stages under different conservation practices
along with conventional practice in maize-wheat and pigeonpea-wheat

cropping system

The numbers of days taken to reach different stages during the crop growth
period were noted carefully from day-to-day observations. The different crop growth
stages initial, development, mid season, and late season stages were calculated based

on the crop coverage data as suggested by FAO-56.

4.3.3.1 Length of crop development stages under different conservation practices

along with conventional practice in maize-wheat cropping system

Maize had initial stage up to 20 days after sowing. Development stage was
between 20 to 45 days after sowing, mid season stage was between 45 to 85 days after
sowing and the late season stage was between 85 to 105 days after sowing in different

treatments.

Wheat sown after maize crop had initial stage upto 40 days after sowing.
Crop development stage was between 40 to 70 days after sowing, mid season stage
was between 70 to120 days after sowing and the late season stage was between 120 to

150 days after sowing in different treatments (Table 33).

4.3.3.2 Length of crop development stages under different conservation practices

along with conventional practice in pigeonpea-wheat cropping system

Pigeonpea had initial stage up to 35 days after sowing. Development stage was
between 35 to 70 days after sowing, mid season stage was between 70 to 150 days
after sowing and the late season stage was between 150 to 180 days after sowing in

different treatments.

Wheat sown after pigeonpea crop had initial stage upto 40 days after sowing.
The development stage was between 40 to 65 days after sowing, mid season stage was
between 65 tol10 days after sowing and the late season stage was between 110 to 130
days after sowing in different treatments (Table 33). Different treatments did not have

any significant effect on different development stages of crops.
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Table 33: Length of different crop development stages under maize-wheat and

pigeonpea-wheat cropping system

Pigeonpea-wheat cropping
Crop development . )
Maize-wheat cropping system | system

stages

Maize Wheat Pigeonpea Wheat
Initial stage 20 40 35 40
Development stage 20-45 40-70 35-70 40-65
Mid season stage 45-85 70-120 70-150 65-110
Late season stage 85-105 120-150 150-180 110-130

4.3.4. Single crop coefficient (K.) approach under different conservation
practices along with conventional practice in maize-wheat and pigeonpea-

wheat cropping system

4.3.4.1. Single crop coefficient (K:) in maize crop under different conservation
practices along with conventional practice in maize-wheat cropping

system

Single crop coefficient (Kc) values suggested by FAO-56 are 0.30, 1.20, and
0.35 respectively, for the initial, mid-season and late season stages in maize crop.
They were adjusted for the semi- arid climatic conditions. Adjusted crop coefficient
for initial stage, mid season stage and late season stage for maize crop under different
treatment are shown in table 34. The value of K¢ for maize crop under different
treatments during initial stage was 0.30 under CT, ZT and ZT+R treatments, 0.21
under PNB and PNB+R treatments and 0.15 under PBB and PBB+R treatments. The
value of K¢ during mid season stage was 1.355 under PBB+R treatment, 1.354 under
PBB, 1.352 under ZT+R, 1.350 under ZT, 1.348 under PNB+R, 1.347 under PNB and
1.339 under CT treatment. At late season stage the K¢ value was 0.430 under PBB+R,
0.428 under PBB, 0.427 under ZT+R, 0.425 under ZT, 0.424 under PNB+R, 0.422
under PNB and 0.421 under CT treatment.
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Table 34: Adjusted single crop coefficient (K.) of maize crop at different crop
growth stages under different conservation practices along with

conventional practice in maize- wheat cropping system

Treatment Initial stage Mid season stage Late season stage

CT 0.30 1.339 0.421
PNB 0.21 1.347 0.422
PNB+R 0.21 1.348 0.424
PBB 0.15 1.354 0.428
PBB+R 0.15 1.355 0.430
ZT 0.30 1.350 0.425
ZT +R 0.30 1.352 0.427

4.3.4.2. Single crop coefficient (K:) in wheat crop under different conservation
practices along with conventional practice in maize-wheat cropping
system

Single crop coefficient (Kc) values suggested by FAO-56 are 0.30, 1.15, and
0.25 respectively, for the initial, mid-season and late season stages in wheat crop.
After adjustment crop coefficient for initial, midseason and late season stage for
wheat crop in maize-wheat cropping system under different tillage practices are
shown in table 35. The value of K¢ for wheat crop in maize-wheat cropping system
under different treatment during initial stage was 0.30 under CT, ZT and ZT+R
treatment, 0.15 under PBB and PBB+R treatment and 0.21 under PNB and PNB+R
treatment. The value of K¢ during mid season stage was 1.276 under PBB+R, 1.274
under ZT+R, 1.269 under ZT, 1.264 under PBB, 1.261 under PNB+R, 1.249 under
PNB and 1.245 under CT treatment. At late season stage the K¢ value was 0.331
under PBB+R and PBB, 0.330 under ZT+R, 0.329 under ZT and PNB+R, 0.331 under
PNB and 0.321 under CT treatment.
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Table 35: Adjusted single crop coefficient (K.) of wheat crop at different crop
growth stages under different conservation practices along with

conventional practice in maize-wheat cropping system

Treatment Initial stage Mid season stage Late season stage

CT 0.30 1.245 0.321
PNB 0.21 1.249 0.331
PNB+R 0.21 1.261 0.329
PBB 0.15 1.264 0.331
PBB+R 0.15 1.276 0.331
7T 0.30 1.269 0.329
ZT +R 0.30 1.274 0.330

4.3.4.3. Single crop coefficient (K:) in pigeonpea crop under different
conservation practices along with conventional practice in pigeonpea-

wheat cropping system

Single crop coefficient (K¢) values suggested by FAO-56 are 0.40, 1.15, and
0.35 respectively, for the initial, mid season and late season stages in pigeonpea crop.
Adjusted K. for pigeonpea crop under different tillage practices during initial stage
was0.40 under CT, ZT and ZT+R treatment, 0.20 under PBB and PBB+R treatment
and 0.28 under PNB and PNB+R treatment. The value of K¢ during mid season stage
was 1.134 under PNB+R and PBB+R treatment, 1.333 under ZT+R, 1.133 under
PBB, 1.131 under PNB, 1.130 under ZT and 1.129 under CT treatment. At late season
stage the K¢ value was 0.446 under PBB+R, 0.445 under PNB+R and ZT+R, 0.443
under PBB, 0.442 under ZT and PNB and 0.439 under CT treatment (Table 36).

4.3.4.4. Single crop coefficient (K:) in wheat crop under different conservation
practices along with conventional practice in maize-wheat cropping

system

Single crop coefficient (Kc) values suggested by FAO-56 are 0.30, 1.15, and
0.25 respectively, for the initial, mid season and late season stages in wheat crop. The
adjusted value of K¢ for wheat crop in pigeonpea-wheat cropping system under
different tillage practices during initial stage was0.30 under CT, ZT and ZT+R
treatments, 0.15 under PBB and PBB+R treatments and 0.21 under PNB and PNB+R
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treatments. The value of K¢ during mid season stage was 1.239 under PBB+R, 1.237
under ZT+R, 1.232 under ZT, 1.227 under PBB, 1.224 under PNB + R, 1.213 under
PNB and 1.213 under CT treatment. At late season stage the K¢ value was 0.328
under PBB+R, 0.326 under ZT+R, 0.325 under ZT, 0.323 under PBB, 0.322 under
PNB+R, 0.321 under PNB and 0.318 under CT treatment (Table 37).

Table 36: Adjusted single crop coefficient (K.) of pigeonpea crop at different
crop growth stages under different conservation practices along

conventional practice in pigeonpea-wheat cropping system

Treatment Initial stage Mid season stage Late season stage

CT 0.40 1.129 0.439
PNB 0.28 1.131 0.442
PNB+R 0.28 1.134 0.445
PBB 0.20 1.133 0.443
PBB+R 0.20 1.134 0.446
7T 0.40 1.130 0.442
ZT +R 0.40 1.133 0.445

Table 37: Adjusted single crop coefficient (K.) of wheat crop at different crop
growth stages under different conservation practices along with

conventional practice in pigeonpea-wheat cropping system

Treatment Initial stage Mid season stage Late season stage

CT 0.30 1.213 0.321
PNB 0.21 1.208 0.318
PNB+R 0.21 1.224 0.322
PBB 0.15 1.227 0.323
PBB+R 0.15 1.239 0.328
ZT 0.30 1.232 0.325
ZT +R 0.30 1.237 0.326
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4.3.5. Basal crop coefficient (Kc) approach in different conservation practices
along with conventional practice in maize-wheat and pigeonpea-wheat

cropping system

4.3.4.1. Basal crop coefficient (K¢,) in maize crop under different conservation
practices along with conventional practice in maize-wheat cropping

system

Basal crop coefficient (Kcb) values suggested by FAO-56 are 0.15, 1.15, and
0.50respectively, for the initial, mid season and late season stages in maize crop. They
were adjusted using equation (14) for the climatic conditions of the study area. After
adjustment, the Kcb of maize in the initial stage was 0.15 for all tillage treatments
under different weather conditions but the Keb value in mid stage was different for
different treatments. The value for Kc» in mid season stages for maize was 1.237under
PBB+R, 1.235 under PBB, 1.233 under ZT+R, 1.232 under ZT, 1.230 under PNB+R,
1.229 under PNB and 1.227 under CT treatment. The Kcb values for late stage was
need to adjust according to climatic conditions as FAO-56.The values of Kcb in late
season stage for maize crop was 0.627 under PBB+R, 0.626 under ZT+R, 0.625 under
PBB, 0.624 under ZT, 0.622, under PNB+R, 0.621 under PNB and 0.614 under CT
treatment (Table38).

Table 38: Adjusted basal crop coefficient (Kc») of maize crop at different crop
growth stages under different conservation practices along with

conventional practice in maize-wheat cropping system

Treatment Initial stage Mid season stage Late season stage

CT 0.15 1.227 0.614
PNB 0.15 1.229 0.621
PNB+R 0.15 1.230 0.622
PBB 0.15 1.235 0.625
PBB+R 0.15 1.237 0.627
ZT 0.15 1.232 0.624
ZT +R 0.15 1.233 0.626
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4.3.4.2. Basal crop coefficient (Kcp) in wheat crop under different conservation
practices along with conventional practice in maize-wheat cropping
system

Basal crop coefficient (Keb) values suggested by FAO-56 are 0.15, 1.10, and
0.30 respectively, for the initial, mid season and late season stages in wheat crop.
After adjustment for the climate conditions of the study area, the Kcb of wheat in the
initial stage was 0.15 for all treatments but the Kcb value in mid stage was different for
different treatments. The value for Kcb in mid season stages for wheat under maize-
wheat cropping system was 1.172 under PBB+R, 1.171 under ZT+R and ZT, 1.170
under PBB, 1.167 under PNB+R, 1.166 under PNB and 1.164 under CT treatment
after adjustment according to climatic conditions. The K values for late season stage
was no need to adjusted according to climatic conditions as FAO-56 Ke value is less
than 0.45. The values of Kcb in late season stage for wheat crop were 0.30 under all

treatments (Table 39).

Table 39: Adjusted basal crop coefficient (Kcp) of wheat at different crop growth
stages under different conservation practices along with conventional

practice in maize-wheat cropping system

Treatment Initial stage Mid season stage Late season stage

CT 0.15 1.164 0.30
PNB 0.15 1.166 0.30
PNB+R 0.15 1.167 0.30
PBB 0.15 1.170 0.30
PBB+R 0.15 1.172 0.30
ZT 0.15 1.171 0.30
ZT +R 0.15 1.171 0.30

4.3.4.3. Basal crop coefficient (Kc) in pigeonpea crop under different
conservation practices along with conventional practice in pigeonpea-

wheat cropping system

The basal crop coefficient (Kcb) values suggested by FAO-56 are 0.15, 1.10,
and 0.50 respectively for the initial, mid season and late season stages in pigeonpea
crop. After adjustment for the climate conditions of the study area, the Kcb of

pigeonpea in the initial stage was 0.15 for all treatments but the Kcb value in mid stage
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was different for different treatments. The value for Kcbin mid season stages for
pigeonpea was 1.169 under PBB+R and PNB+R, 1.168 under ZT+R and PBB, 1.167
under PNB, 1.166 under ZT and 1.165 under CT treatment. The Kc values for late
stage was need to adjusted according to climatic conditions as FAO-56. The values of
Keb in late season stage for pigeonpea crop was 0.567 under PBB+R, 0.566 under
ZT+R and PNB+R, 0.565 under PBB, 0.564 under ZT and PNB and 0.562 under CT
treatment (Table 40).

Table 40: Adjusted basal crop coefficient (K.») of pigeonpea at different crop
growth stages under different conservation practices along with

conventional practice in pigeonpea-wheat cropping system

Treatment Initial stage Mid season stage Late season stage

CT 0.150 1.165 0.562
PNB 0.150 1.167 0.564
PNB+R 0.150 1.169 0.566
PBB 0.150 1.168 0.565
PBB+R 0.150 1.169 0.567
7T 0.150 1.166 0.564
ZT +R 0.150 1.168 0.566

4.3.4.4. Basal crop coefficient (Kc,) in wheat crop under different conservation
practices along with conventional practice in pigeonpea-wheat cropping

system

The basal crop coefficient (Kcb) values suggested by FAO-56 are 0.15, 1.10,
and 0.30 respectively, for the initial, mid season and late season stages in wheat crop.
After adjustment for the climate conditions of the study area, the Kb of wheat in the
initial stage was 0.15 for all treatments but the Kcb value in mid season stage was
different for different treatments. The value for Keb in mid season stage for wheat
under pigeonpea- wheat cropping system after adjustment was 1.169 under PBB+R,
1.168 under ZT+R, 1.167 under ZT, 1.166 under PBB, 1.163 under PNB+R, 1.161
under PNB and 1.159 under CT treatment. There was no need to adjust Kb value for
late season stage because at that stage FAO-56 Kb value is less than 0.45. Therefore

Keb values at late stage for wheat crop were 0.30 under all treatments (Table41).
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Table 41: Adjusted basal crop coefficient (Kc,) of wheat at different crop growth
stages under different conservation practices along with conventional

practice in pigeonpea-wheat cropping system

Treatment Initial stage Mid season stage Late season stage

CT 0.15 1.159 0.30
PNB 0.15 1.161 0.30
PNB+R 0.15 1.163 0.30
PBB 0.15 1.166 0.30
PBB+R 0.15 1.169 0.30
ZT 0.15 1.167 0.30
ZT +R 0.15 1.168 0.30

4.3.5. Soil evaporation coefficient (K.) under different conservation practices
along with conventional practice in maize-wheat and pigeonpea-wheat

cropping system

Soil evaporation coefficient (Ke), as a function of growth period, is affected by
the soil water characteristics, exposed and wetted soil fraction, and soil water balance.
In the initial stage, the effective fraction of soil surface covered by crop plants was
small and thus, soil evaporation losses were considerable during this period. After
irrigation, Ke reached its maximum values 1.04-1.11 in maize, 1.10-1.15 in wheat
under maize-wheat cropping system and 1.20-1.28 in pigeonpea and 1.09-1.14 in
wheat under pigeonpea-wheat cropping system. The cumulative depth of evaporation
from the topsoil layer was small because of the low water retention capacity. Ke had a
sharp fall when the soil evaporation switched from initial to developing stage. In the
development stage, the effective fraction of soil surface covered by crop plants
gradually increased and the Ke value decreased step by step. In the mid season stage,
the effective fraction of soil surface covered by crop plants reached above 0.9. The
soil water losses mainly depended on the crop transpiration. The small exposed soil
fraction resulted in a small Ke value. The Ke¢ values ranged between 0.25-0.33 in

maize, between 0.15-0.19 in wheat under maize-wheat cropping system and between
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0.48-0.55 in pigeonpea and 0.14-0.19 in wheat under pigeonpea-wheat cropping
system. In the late season stage, the Ke value was greater than that in the mid season

stage because of the drooping of the main leaves.

4.3.6. Crop evapotranspiration (ET.) using single crop coefficient under different
conservation practices along with conventional practice in maize-wheat

and pigeonpea-wheat cropping system

4.3.6.1. Crop evapotranspiration (ET) using single crop coefficient in maize crop
under different conservation practices along with conventional practice

in maize-wheat cropping system

During the initial stage of maize crop growth, which was the period from
sowing to 20 days of crop growth, the ETc values was very low except during
irrigation events. The ET. values increased during crop development stage (20-45
days) of crop growth and reached its peak during the midseason stage (45-85 days)
due to maximum canopy cover and leaf area index. The ET. values decline rapidly
during the late stage, the period from 85 to 105 days of crop growth because leaves
were dried and senescence. Sum of daily values of ETc for maize crop in initial,
development, mid and late stage are given in table 42. Maximum ET. values was
found under CT treatment in all stages of crop growth followed by ZT, ZT+R, PNB,
PNB+R, PBB and PBB+R treatment. At initial stage ET. was found maximum under
CT treatment (53.1 mm) followed by ZT (50.3 mm) treatment. ZT+R, PNB, PNB+R
had Etc value nearly 48mm and PBB, PBB+R had ETc nearly 47 mm. At
development stage ET¢ increased up to 104.6 mm in CT, 102.7 mm in ZT, 101.8 mm
in ZT+R, 99.4 mm in PNB, 98.9 mm in PNB+R, 97.7 mm in PBB and 96.6 mm in
PBB+R treatment. Maximum ET. values in mid season stage was up to 269.7 mm in
CT, 264.5 mm in ZT, 262.1 mm in ZT+R, 257.1 mm in PNB, 254.7 in PNB+R, 252.2
mm in PBB and 249.3 mm in PBB+R treatment. At late season stage ETc gradually
decreased up to 55mm in CT, ZT and ZT+R treatments followed by 53 mm in PNB
and PNB+R treatment, 52 mm in PBB and PBB+R treatments. Total ET. value was
maximum under CT treatment (483 mm) followed by ZT (473 mm), ZT+R (467 mm),
PNB (459 mm), PNB+R (455 mm), PBB (450 mm) and lowest under PBB+R (446

mm).
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Table 42: Crop evapotranspiration (ET.) (mm) using single crop coefficient in

maize at different growth stages under maize-wheat cropping system

Treatment | Initial stage | Development | Mid season | Late season | Total ETc
ET. stage ET¢ stage ET. stage ET.

CT 53.1° 104.52 269.7% 55.4° 4832
PNB 48.7° 99.4b¢ 257.1¢ 53.4° 459¢
PNB+R 48.2¢4 98.9¢ 254.7% 52.9% 4554
PBB 47.8% 97.7¢ 252.24¢ 52.4% 4504
PBB+R 47.64 96.6¢ 249.3¢ 52.1° 446°
7T 50.3° 102.74 264.5° 55.12 473b
ZT+R 48.9% 101.8% 262.1° 54.8% 467°

4.3.6.2. Crop evapotranspiration (ET.) using single crop coefficient in wheat crop
under different conservation practices along with conventional practice

in maize-wheat cropping system

During the initial stage of wheat crop growth, which was the period from
sowing to 40 days of crop growth, the ET. values were very low except during
irrigation events. The Etc values were also low in crop development stage (40-70
days) of crop growth and reached its peak value during the midseason stage (70-120
days) of crop growth due to maximum canopy cover and leaf area index. The ET.
values were found more during late season stage, the period from 120 to 150 days of
crop growth because of more evapotranspiration losses during March- April month.
The sum of daily values of ET. for wheat in the initial stage, development stage, mid
season stage and late season stage are given in table 43. Maximum ET¢ values were
found under CT treatment in all crop growth stages followed by ZT, ZT+R, PNB,
PNB+R, PBB and PBB+R treatment. At initial stage ET. was found maximum under
CT treatment (83.3 mm) followed by ZT (80.5 mm), ZT+R (79.5 mm), PNB (78.6
mm), PNB+R (76.9 mm), PBB (77.7 mm) and PBB+R (74.3 mm). At development
stage ETc decreased up to 64.5 mm in CT, 62.7 mm in ZT, 61.2 mm in ZT+R, 60.1
mm in PNB, 58.6 mm in PNB+R, 57.7 mm in PBB and 55.1 mm in PBB+R

treatment. Maximum ET. values in mid season stage was 211.7 mm in CT, 206.7 mm
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in ZT, 204.8 mm in ZT+R, 201.1 mm in PNB, 198.8 mm in PNB+R, 196.1 mm in
PBB and 192.8 mm in PBB+R treatment. At late season stage ETc was 128.3 mm in
CT, 125.7 mm in ZT, 120.7 mm in ZT+R, 118.2 mm in PNB, 117.5 mm in PNB+R,
115.6 mm in PBB and 115.4mm in PBB+R treatment. Total ET. value was maximum
under CT treatment (488 mm) followed by ZT (477 mm), ZT+R (466 mm), PNB (458
mm), PNB+R (452 mm), PBB (447 mm) and PBB+R (438 mm) treatment.

Table 43: Crop evapotranspiration (ET:) (mm) using single crop coefficient in

wheat at different growth stages under maize-wheat cropping system

Treatment | Initial stage | Development | Mid season | Late season | Total ETc
ET. stage ETec stage ETc | stage ETe

T 83.32 64.5° 211.7° 128.32 4882
PNB 78.6% 60. 1< 201.1¢ 118.2%¢ 4584
PNB+R 76.9¢ 58.6% 198.8% 117.5¢ 4524
PBB 77.7%¢ 57.7% 196.1¢ 115.6¢ 447¢
PBBFR 74.3¢ 55.1¢ 192.8¢ 115.4¢ 438f
= 80.54 62.7% 206.7° 125.7 477°
ZTHR 79.53 61.2% 204.8° 120.7° 466°

4.3.6.3. Crop evapotranspiration (ET.) using single crop coefficient in pigeonpea
crop under different conservation practices along with conventional

practice in pigeonpea-wheat cropping system

In pigeonpea crop during the initial stage which was the period from sowing
upto 35 days of crop growth, the ET. values were high because of higher evaporation
losses in month of June. At development stage (35-70 days) of crop growth, ETc was
low and reached its peak value during the midseason stage (70-150 days) of crop
growth. The ET¢ value was found less during the last season stage, the period from
150 to 180 days of crop growth. The sum of daily values of ET. for pigeonpea in the
initial stage, development stage, mid season stage and late season stage are given in
table 44. Maximum ET. values were found under CT treatment at all stages of crop
growth followed by ZT, ZT+R, PNB, PNB+R, PBB and PBB+R treatment. At initial
stage ET. was found maximum under CT treatment (163.9 mm) followed by ZT

(159.8 mm), ZT+R (157.8 mm), PNB (155.9 mm), PNB+R (153.8 mm), PBB (153.2
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mm) and PBB+R (152.6 mm). At development stage ET. decreased up to 84.6 mm in
CT and ZT, 82.9 mm in ZT+R, 82.1 mm in PNB, 79.1 mm in PNB+R, 80.7 mm in
PBB and 78.9 mm in PBB+R treatment. Maximum ET. values were found in mid
season stage up to 384.6 mm in CT, 381.2 mm in ZT, 378.9 mm in ZT+R, 375.3 mm
in PNB, 374.3 mm in PNB+R, 366.2 mm in PBB and 362.8 mm in PBB+R treatment.
At late season stage ETc was 69.8 mm in CT, 68.7 mm in ZT, 67.9 mm in ZT+R, 66.5
mm in PNB, 65.6 mm in PNB+R, 60.7 mm in PBB and 58.7 mm in PBB+R
treatment. Total ETc value was maximum under CT treatment (703 mm) followed by
ZT (694 mm), ZT+R (688 mm), PNB (680 mm), PNB+R (672 mm), PBB (664 mm)
and PBB+R (653 mm) treatment.

Table 44: Crop evapotranspiration (ET:) (mm) using single crop coefficient in

pigeonpeaat different growth stages under pigeonpea-wheat cropping

system
Treatment | Initial stage | Development | Mid season | Late season | Total Etc
Etc stage Etc stage ETc stage Etc
CT
163.9° 84.6* 384.6* 69.8° 703?
PNB
155.9¢ 82.13b¢ 375.3¢ 66.5° 6804
PNB+R
153.8¢ 79.1¢ 374.3¢ 65.6° 672¢
PBB
153.2¢f 80.7° 366.2° 60.7¢ 664"
PBB+R
152.6f 78.9¢ 362.8f 58.7¢ 6538
ZT
159.8° 84.6* 381.2° 68.7% 694°
ZT+R
157.8¢ 82.9% 378.9¢ 67.9% 688¢

4.3.6.4. Crop evapotranspiration (ET.) using single crop coefficient in wheat crop
under different conservation practices along with conventional practice

in pigeonpea-wheat cropping system

During the initial stage of wheat crop growth, which was the period from
sowing up to 40 days of crop growth, the ET. values were very low except during
irrigation events. The ETc values were also low in crop development stage (40-65
days) of crop growth and reached its peak value during the midseason stage (65-110
days) of crop growth due to maximum canopy cover and leaf area index. The ET.

values were found more during the late season stage, the period from 110 to 130 days



112

of crop growth, during March- April month due to more evapotranspiration losses.
Sum of daily values of ET¢ for wheat in the initial, development, mid season and late
season stages are given in table 45. Maximum ET. values were found under CT
treatment at all stages of crop growth followed by ZT, ZT+R, PNB, PNB+R, PBB and
PBB+R treatment. At initial stage ET. was found maximum under CT treatment
(79.7 mm) followed by ZT (77.0 mm), ZT+R (76.1 mm), PNB (75.2 mm), PNB+R
(73.5 mm), PBB (74.4 mm) and PBB+R (71.0 mm). At development stage ETc
decreased up to 57.7 mm in CT, 56.3 mm in ZT, 55.8 mm in ZT+R, 55.4 mm in PNB,
54.8 mm in PNB+R, 54.9 mm in PBB and 53.8 mm in PBB+R treatment. Maximum
ET. values was found in mid season stage up to 194.2 mm in CT, 189.7 mm in ZT,
187.8 mm in ZT+R, 184.5 mm in PNB, 182.3 mm in PNB+R, 179.8 mm in PBB and
176.8 mm in PBB+R treatment. At late season stage ET. was 123.3 mm in CT, 120.8
mm in ZT, 116.1 mm in ZT+R, 113.6 mm in PNB, 112.9 mm in PNB+R, 111.1 mm
in PBB and 110.9 mm in PBB+R treatment. Total ET. value was maximum under CT
treatment (455 mm) followed by ZT (444 mm), ZT+R (432 mm), PNB (429 mm),
PNB+R (424 mm), PBB (420 mm) and PBB+R (413 mm) treatment.

Table 45: Crop evapotranspiration (ET.) (mm) using single crop coefficient in
wheat crop at different growth stages under pigeonpea-wheat

cropping system

Treatment | Initial stage | Development | Mid season | Late season | Total ET.
ET. stage ET. stage ET. stage ET.

CT 79.7% 57.7* 194.22 123.32 4552
PNB 75.24 55.4¢ 184.5¢ 113.6% 4294
PNB+R 73.5¢ 54.8bcd 182.34¢ 112.9¢¢ 4244
PBB 74.4¢ 54.9bed 179.8¢t 111.19 420¢
PBB+R 71.0¢ 53.84 176.8f 110.9¢ 413f
ZT 77.0° 56.3%® 189.7° 120.82 444>
ZT+R 76.1¢ 55.8% 187.8B¢ 116.1° 432¢
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4.3.7. Crop evapotranspiration (ET.) using dual crop coefficient under different
conservation practices along with conventional practice in maize-wheat

and pigeonpea-wheat cropping system

4.3.7.1. Crop evapotranspiration (ET.) using dual crop coefficient in maize crop
under different conservation practices along with conventional practice

in maize-wheat cropping system

During the initial stage of maize crop growth, which is the period from sowing
up to 20 days of crop growth, the ET. values were very low except during irrigation
events. The ET. values increased during the crop development stage (20-45 days) of
crop growth and reached its peak during the mid season stage (45-85 days) of crop
growth. The ET.¢ values decline rapidly during the late season stage, the period from
85 to 105 days of crop growth because leaves were dried and senescence. The sum of
daily values of ET. for maize in the initial stage, development stage, mid season stage
and late season stage are given in table 46. Maximum ET. value was found under CT
treatment at all stages of crop growth followed by ZT, ZT+R, PNB, PNB+R, PBB and
PBB+R treatment. At initial stage ET. was found maximum under CT treatment (58.8
mm) followed by ZT (58.1mm), ZT+R (57.8 mm), PNB (57.2 mm), PNB+R (56.3
mm), PBB (56.1 mm) and PBB+R (55.3 mm) treatment. At development stage ET.
increased up to 124.7 mm in CT, 122.8 mm in ZT, 120 mm in ZT+R, 118.5 mm in
PNB, 115.3 mm in PNB+R, 114.3 mm in PBB and 112.8 mm in PBB+R treatment.
Maximum ET. values in mid season stage was up to 268.4 mm in CT, 266.7 mm in
ZT, 262.8 mm in ZT+R, 260.9 mm in PNB, 259.4 mm in PNB+R, 255.8 mm in PBB
and 253.7 mm in PBB+R treatment. At late season stage ET. gradually decreased up
to 47.7 mm in CT, 47.3 mm in ZT, 46.7 mm in ZT+R, 45.6 mm in PNB, 45.3 mm in
PNB+R, 45.3 mm in PBB and 44.7mm in PBB+R treatment. Total ET. value was
maximum under CT treatment (500 mm) followed by ZT (495 mm), ZT+R (487 mm),
PNB (482 mm), PNB+R (476 mm), PBB (472 mm) and PBB+R (467 mm) treatment.
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Table 46: Crop evapotranspiration (ET.) (mm) using dual crop coefficient in

maize at different growth stages under maize-wheat cropping system

Treatment | Initial stage | Development | Mid season | Late season | Total ETc
ET. stage ET. stage ET. stage ET.

CT 58.8% 124.7% 268.4% 47.7* 5002
PNB 57.28bc 118.5¢ 260.9¢ 45.6% 482°
PNB+R 56.3% 115.3¢ 259.4¢ 45.3% 476°
PBB 56.1%¢ 114.3¢ 255.8f 45.3% 4724
PBB+R 55.3¢ 112.8f 253.7¢8 44.7° 4674
7T 58.1% 122.8° 266.7° 47.32 4952
ZT+R 57.8%® 120.0¢ 262.8° 46.7% 487°

4.3.7.2. Crop evapotranspiration (ET.) using dual crop coefficient in wheat crop
under different conservation practices along with conventional practice

in maize-wheat cropping system

During the initial stage of wheat crop growth from sowing up to 40 days of
crop growth, the ET.c values were very low except during irrigation events. The ETc
values were also low in development stage (40-70 days) of crop growth and reached
its peak during the mid season stage (70-120 days) of crop growth due to maximum
canopy cover and leaf area index. The ET. values were found more during the late
season stage, the period from 120 to 150 days of crop growth, because of more
evapotranspiration losses during March- April month. The sum of daily values of ETc
for wheat in the initial stage, development stage, mid season stage and late season
stage are given in table 47. Maximum ET. values were found under CT treatment at
all stages of crop growth followed by ZT, ZT+R, PNB, PNB+R, PBB and PBB+R
treatment. At initial stage ETc was found maximum under CT treatment (69.2 mm)
followed by ZT (67.6 mm), ZT+R (67.2 mm), PNB (64.7 mm), PNB+R (63.3 mm),
PBB (62.5 mm) and PBB+R (61.3 mm) treatment. At development stage ETc value
was decreased up to 54.0 mm in CT, 52.9 mm in ZT, 52.5 mm in ZT+R, 51.1 mm in
PNB, 50.2 mm in PNB+R, 49.5 mm in PBB and 48.8 mm in PBB+R treatment.
Maximum ET. values were found in mid season stage up to 212.2 mm in CT, 207.7

mm in ZT, 205.5 mm in ZT+R, 199.5 mm in PNB, 195.5 mm in PNB+R, 192.6mm in
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PBB and 189.7 mm in PBB+R treatment. At late season stage ET. was 123.3 mm in
CT, 121.9 mm in ZT, 118.3 mm in ZT+R, 115.9 mm in PNB, 114.3 mm in PNB+R,
112.6 mm in PBB and 111.7 mm in PBB+R treatment. Total ET. value was maximum
under CT treatment (459 mm) followed by ZT (450 mm), ZT+R (444 mm), PNB (431
mm), PNB+R (423 mm), PBB (417 mm) and PBB+R (411 mm) treatment.

Table 47: Crop evapotranspiration (ET.) (mm) using dual crop coefficient in

wheat at different growth stages under maize-wheat cropping system

Treatment | Initial stage | Development | Mid season Late Total ET.
ET. stage ETc stage ETc season
stage ETc

CT 69.2% 54.0* 212.20 123.32 459°
PNB 64.7¢ 51.1¢ 199.5¢ 115.9¢ 431°¢
PNB+R 63.3¢ 50.2¢ 195.54 114.3¢d 423d
PBB 62.5¢ 49.5¢ 192.6% 112.6% 417%
PBB+R 61.3" 48.8¢ 189.7¢ 111.7¢ 411¢
ZT 67.6° 52.9% 207.7° 121.9% 450°
ZT+R 67.2° 52.5° 205.5° 118.3° 444>

4.3.7.3. Crop evapotranspiration (ET.) using dual crop coefficient in pigeonpea
crop under different conservation practices along with conventional

practice in pigeonpea-wheat cropping system

In pigeonpea crop during the initial stage which is the period from sowing up
to 35 days of crop growth, the ET. values were high because of higher evaporation
losses in month of June. At crop development stage (35-70 days) of crop growth, ETc
was low and reached its peak value during the mid season stage (70-150 days) of crop
growth. ET. values were less during the late season stage, the period from 150 to 180
days of crop growth. Sum of daily values of ET. for pigeonpea in initial,
development, mid season and late season stage are given in table 48. Maximum ET.
values were found under CT treatment at all stages of crop growth followed by ZT,
ZT+R, PNB, PNB+R, PBB and PBB+R treatment. At initial stage ETc was found
maximum under CT treatment (94.8 mm) followed by ZT (93.8 mm), ZT+R (92.9
mm), PNB (90.1 mm), PNB+R (88.9 mm), PBB (87.9 mm) and PBB+R (85.7 mm)
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treatment. At development stage ET. decreased up to 68.8 mm in CT, 68.2 mm in ZT,
67.5 mm in ZT+R, 66.8 mm in PNB, 65.7 mm in PNB+R, 63.6 mm in PBB and 60.8
mm in PBB+R treatment. Maximum ET. values in mid season stage was up to 407.8
mm in CT, 404.7 mm in ZT, 398.9 mm in ZT+R, 394.5 mm in PNB, 389.7 mm in
PNB+R, 386.8 mm in PBB and 384.7 mm in PBB+R treatment. At late season stage
ETc was 83.1 mm in CT, 83.7 mm in ZT, 81.9 mm in ZT+R, 80.7 mm in PNB, 78.6
mm in PNB+R, 75.8 mm in PBB and 73.3 mm in PBB-+R treatment. Total ET. value
was maximum under CT treatment (655 mm) followed by ZT (651 mm), ZT+R (641
mm), PNB (633 mm), PNB+R (623 mm), PBB (614 mm) and PBB+R (605 mm)

treatment.

Table 48: Crop evapotranspiration (ET.) (mm) using dual crop coefficient in

pigeonpea at different growth stages under pigeonpea-wheat cropping

system
Treatment | Initial stage | Development | Mid season | Late season | Total ETc
ETc stage ETc stage ETc stage ETc

CT 94.8° 68.8° 407.8* 83.12 655°
PNB 90.1¢ 66.8" 394.54 80.7° 633¢
PNB+R 88.9¢ 65.7¢ 389.7¢ 78.6¢ 623¢
PBB 87.9° 63.6¢ 386.8f 75.9¢ 614¢
PBB+R 85.7¢ 60.8¢ 384.7¢ 73.3¢ 605"
7T 93.8° 68.2% 404.7° 83.7% 651°
ZT+R 92.9¢ 67.5% 398.9¢ 81.9 641°

4.3.7.4. Crop evapotranspiration (ET.) using dual crop coefficient in wheat crop
under different conservation practices along with conventional practice

in pigeonpea-wheat cropping system

During the initial stage of wheat crop growth, which is the period from sowing
up to 40 days of crop growth, the ETc values were very low except during irrigation
events. The ET¢ values were also low in crop development stage (40-65 days) of crop
growth and reached its peak during the mid season stage (65-110 days) due to
maximum canopy cover and leaf area index. The ET. values were found more during

late season stage, the period from 110 to 130 days of crop growth, in these days more



117

evapotranspiration losses because of high temperature and wind speed as well as
bright sunshine in month of March- April. The sum of daily values of ET. for wheat
in the initial stage, development stage, mid season stage and late season stage are
given in table 49. Maximum ET. values were found under CT treatment at all stages
of crop growth followed by ZT, ZT+R, PNB, PNB+R, PBB and PBB+R treatment.
At initial stage ETc was found maximum under CT treatment (76.5 mm) followed by
ZT (75.9 mm), ZT+R (74 mm), PNB (70.3 mm), PNB+R (68.8 mm), PBB (67.7 mm)
and PBB+R (66.6 mm). At developing stage ET. values decreased up to 57.3 mm in
CT, 57.1 mm in ZT, 55.7 mm in ZT+R, 55.2 mm in PNB, 54.2 mm in PNB+R, 53.5
mm in PBB and 52.7 mm in PBB+R treatment. Maximum ET. value was found in
mid season stage up to 226.7 mm in CT, 224.4 mm in ZT, 217.6 mm in ZT+R, 215.5
mm in PNB, 211.1 mm in PNB+R, 207.9 mm in PBB and 204.8 mm in PBB+R
treatment. At late season stage ET. was 129.4 mm in CT, 128.1 mm in ZT, 124.2 mm
in ZT+R, 121.6 mm in PNB, 120.0 mm in PNB+R, 118.2 mm in PBB and 117.3 mm
in PBB+R treatment. Total ETc value was maximum under CT treatment (490 mm)
followed by ZT (486 mm), ZT+R (472 mm), PNB (463 mm), PNB+R (454 mm),
PBB (447 mm) and PBB+R (441 mm) treatment.

Table 49: Crop evapotranspiration (ET.) (mm) using dual crop coefficient in

wheat at different growth stages under pigeonpea-wheat cropping

system
Treatment | Initial stage | Developing | Mid season | Late season | Total ETc
ET. stage ET. stage ET. stage ET.

CT 76.5% 57.3%® 226.7 129.4 490°
PNB 70.3¢ 55.2bcd 215.5¢ 121.6¢ 463¢
PNB+R 68.8¢ 54.2¢0de 211.1¢ 120.04 4544
PBB 67.7% 53.5d 207.9f 118.2% 447¢
PBB+R 66.6° 52.7¢ 204.8¢ 117.3¢ 441¢
7T 75.92 57.12 224.4° 128.12 4862
ZT+R 74.0° 55.74b¢ 217.6¢ 124.2° 472°
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4.3.8. Actual evapotranspiration (ET.) under different conservation practices
along with conventional practice in maize-wheat and pigeonpea-wheat

cropping system

4.3.8.1. Actual evapotranspiration (ET.) in maize crop under different
conservation practices along with conventional practice in maize-wheat

cropping system

When rainfall or irrigation was low, water stress induced and the
evapotranspiration dropped below the standard crop evapotranspiration (ETc). The
effect of soil water stress was described by multiplying the basal crop coefficient by
the water stress coefficient (Ks). Ks describe the effect of water stress only on crop
transpiration, rather than evaporation from soil. The water stress coefficient frequently
dropped below one in initial and developing stage in maize crop indicate that crop
plant suffered water stress especially at the end of developing stage. Due to water
stress, actual evapotranspiration (ETa) was decreased below the crop
evapotranspiration (ETc). ETa from single crop coefficient (SCC) was found
maximum under CT (438 mm) followed by ZT (429 mm), ZT+R (423 mm), PNB
(419 mm), PNB+R (414 mm), PBB (411 mm) and PBB+R (404 mm) treatment.
Similarly from dual crop coefficient (DCC), ETa was found maximum under CT (449
mm) followed by ZT (441 mm), ZT+R (434 mm), PNB ( 431 mm), PNB+R (428
mm), PBB (422 mm) and PBB+R (415 mm) treatment. ETa from water balance
method was found maximum 445 mm in CT followed by 442 mm in ZT, 435 mm in
ZT+R, 426 mm in PNB, 420 mm in PNB+R, 422 mm in PBB and 412 mm in PBB+R
treatment (Table 50). Results showed that crop coefficient methods are useful for
determining water stress in crop and daily evapotranspiration losses, water need of

crop and irrigation scheduling.

4.3.8.2. Actual crop evapotranspiration (ET.) in wheat crop under different
conservation practices along with conventional practice in maize-wheat

cropping system

After some days of irrigation, due to evapotranspiration (ET) losses, water
stress induced and ETa values dropped below the standard crop evapotranspiration,
Etc. The effect of soil water stress was given by the water stress coefficient; Ks. The

water stress coefficient frequently dropped below one in initial stage and developing
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stage. At time of late stage also wheat plant feels water stress. At around 10% of total
growing period wheat crop feel water stress. Due to water stress actual
evapotranspiration (ETa) was decreased below the crop evapotranspiration (ET.). ETa
from single crop coefficient (SCC) was found maximum under CT treatment (437
mm) followed by ZT (426 mm), ZT+R (414 mm) mm), PNB (411 mm), PNB+R
(408 mm), PBB (403 mm) and PBB+R (394 mm) treatment. PBB+R treatment had
significantly lower ETa losses than other treatments. ETa value calculated from dual
crop coefficient (DCC) was found maximum under CT (419 mm) followed by ZT
(412 mm), ZT+R (401 mm), PNB ( 395 mm), PNB+R (387 mm), PBB (383 mm) and
PBB+R (377 mm) treatment. PBB+R and PBB treatments had similar values. ETa
value calculated from water balance method was found maximum 428 mm in CT
followed by 419 mm in ZT, 407 mm in ZT+R, 402 mm in PNB, 393 mm in PNB+R,
389 mm in PBB and 381 mm in PBB+R treatment (Table 51).

Table 50: Actual evapotranspiration (ET.) (mm) in maize crop under maize-
wheat cropping system by single and dual crop coefficient and water

balance method

Treatment ET. by ET. by ET. by ETa by Water
single crop single crop dual crop dual crop balance
coefficient coefficient | coefficient | coefficient method

CT 4832 4382 500? 449° 4452
PNB 459¢ 4194 482° 4314 426°
PNB+R 455¢d 4144 476° 4284 420¢°
PBB 4504 411¢ 4724 422¢ 422¢
PBB+R 446° 404f 4674 415F 4124
7T 473b 429° 495s 441° 4420
ZT+R 467° 423b¢ 487° 434¢ 435b
LSD (0.05) 9.2 11.8 10.4 9.1 13.1
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Table 51: Actual evapotranspiration (ET,) (mm) in wheat crop under maize-
wheat cropping system by single and dual crop coefficient and water

balance method

Treatment ET. by ETa by ET. by dual ETa by Water
single crop | single crop crop dual crop balance
coefficient | coefficient coefficient | coefficient method

CT 488 437° 459° 4192 4282

PNB 4584 4114 431¢ 395¢ 4024

PNB+R 4524 4084 4234 3874 393¢

PBB 447¢ 403¢ 417% 3834 389¢f

PBB+R 438F 394f 411¢ 377¢ 381F

7T 477° 426° 450° 412° 419°

ZT +R 466° 414° 444° 401°¢ 407¢

LSD(0.05) 9.2 8.1 8.8 7.6 9.1

4.3.8.3. Actual crop evapotranspiration (ET,) in pigeonpea crop under different
conservation practices along with conventional practice in pigeonpea-

wheat cropping system

The water stress coefficient Ks frequently dropped below one in initial and
developing stages in pigeonpea crop. Pigeonpea crop feel water stress mostly in initial
stage. Due to water stress actual evapotranspiration (ETa) was decreased below the
crop evapotranspiration (ETc). ETa calculated from single crop coefficient (SCC) was
found maximum under CT treatment (618 mm) followed by ZT (611 mm), ZT+R
(601 mm), PNB (586 mm), PNB+R (576 mm), PBB (570 mm) and PBB+R (552 mm)
treatment. PBB+R treatment had significantly lower ETa losses than other treatments.
Similarly ETa calculated by dual crop coefficient (DCC) was found maximum under
CT (563 mm) followed by ZT (556 mm), ZT+R (542 mm) mm), PNB ( 546 mm),
PNB+R (536 mm), PBB (531 mm) and PBB+R (525 mm). PBB+R and PBB had non-
significant difference in evapotranspiration values but they had significantly lower
values than other treatments. ETa calculated from water balance method was found
maximum 592 mm in CT followed by 581 mm in ZT, 574 mm in ZT+R, 572 mm in
PNB, 562 mm in PNB+R, 552 mm in PBB and minimum value of ETa was found
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under PBB+R treatment (541 mm) which was significantly lower value than other

treatments (Table 52).

Table 52: Actual evapotranspiration (ET,.) (mm) in pigeonpea crop under
pigeonpea-wheat cropping system by single, dual crop coefficient

and water balance method

Treatment ET. by ETa by ETc by ETa by dual Water
single crop | single crop | dual crop crop balance
coefficient | coefficient | coefficient | coefficient method

CT 7032 618 6552 5632 5922
PNB 6804 5864 633° 546° 572¢
PNB-+R 672¢ 576° 6234 536% 5624
PBB 664" 570f 614° 531¢f 552¢
PBB+R 6538 5528 605" 525F 541F
7T 694° 611° 6512 556° 581°

ZT +R 688°¢ 601¢ 641° 542¢d 574¢
LSD(0.05) 13.4 8.7 8.2 7.1 12.1

4.3.8.4. Actual crop evapotranspiration (ET.) in wheat crop under different
conservation practices along with conventional practice in pigeonpea-

wheat cropping system

When irrigation was low, water stress induced and the evapotranspiration
dropped below the standard crop evapotranspiration, ET.. The water stress coefficient
frequently dropped below one in initial and developing stage in wheat crop. Due to
water stress actual evapotranspiration (ET.) was decreased below the crop
evapotranspiration (ETc). ETa calculated from single crop coefficient (SCC) was
found maximum under CT (414 mm) followed by ZT (401 mm), ZT+R (391 mm)
mm), PNB (387 mm), PNB+R (380 mm), PBB (375 mm) and PBB+R (368
mm).PBB+R treatment had significantly lower ET. values. PBB and PNB-+R
treatments had non-significant difference in ETa by SSC. ZT+R and PNB treatments
had non-significant difference. ETa value calculated from dual crop coefficient (DCC)
was found maximum under CT (425 mm) followed by ZT (422 mm), ZT+R (410
mm) mm), PNB ( 404 mm), PNB+R (397 mm), PBB (391 mm) and PBB+R (379
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mm) treatment. PBB+R treatment had significantly lower ETa values than other
treatments. ETa calculated from water balance method was found maximum 415 mm
in CT treatment followed by 406 mm in ZT, 400 mm in ZT+R, 393 mm in PNB, 386
mm in PNB+R, 382 mm in PBB and minimum ET. found under PBB+R treatment
(376 mm) which was significantly differed to other treatments. PNB+R and PBB

treatments had non- significant difference (Table 53).

Table 53: Actual evapotranspiration (ET.) (mm) under wheat crop in pigeonpea-
wheat cropping system by single, dual crop coefficient and water

balance method

Treatment ET. by ETa by ET. by ETa by Water
single crop single crop dual crop dual crop balance
coefficient | coefficient | coefficient | coefficient method

CT 4552 4142 4902 4252 415°
PNB 429¢ 387¢ 463¢ 404¢ 3934
PNB+R 4244 3804 4544 3974 386°
PBB 420¢ 3754 447¢ 391¢ 382¢
PBB+R 413f 368¢ 441¢ 379f 376f
T 444° 401° 486° 4228 406°
ZT+R 432¢ 391¢ 472° 410° 400¢

LSD(0.05) 8.0 8.9 8.8 10.9 12.6

4.3.9. Water use efficiency (WUE) under different conservation practices along
with conventional practice in maize-wheat and pigeonpea-wheat cropping

system

4.3.9.1. Water use efficiency (WUE) in maize crop under different conservation
practices along with conventional practice in maize-wheat cropping

system

WUE in maize crop was found lowest under CT treatment by single crop
coefficient, dual crop coefficient and water balance method. WUE from single crop
coefficient was 9.70 Kg/ha/mm under CT treatment followed by PNB (11.75
Kg/ha/mm), PNB+R (12.78 Kg/ha/mm), ZT (12.61 Kg/ha/mm), ZT+R (13.23
Kg/ha/mm), PBB (13.69 Kg/ha/mm) and PBB+R (14.22 Kg/ha/mm) treatment. WUE

calculated from dual crop coefficient was 9.45 Kg/ha/mm under CT treatment



123

followed by PNB (11.43 Kg/ha/mm), PNB+R (12.37 Kg/ha/mm), ZT (12.26
Kg/ha/mm), ZT+R (12.90 Kg/ha/mm), PBB (13.34 Kg/ha/mm) and PBB+R (13.81
Kg/ha/mm) treatment. WUE from water balance method was 9.54 Kg/ha/mm under
CT treatment followed by PNB (11.56 Kg/ha/mm), PNB+R (12.59 Kg/ha/mm), ZT
(12.25 Kg/ha/mm), ZT+R (12.88 Kg/ha/mm), PBB (13.34 Kg/ha/mm) and PBB+R
(13.91 Kg/ha/mm) treatment. Increase in WUE was 21% under PNB, 31-32% under
PNB+R, 28-30% under ZT, 35-37% under ZT+R, 40-41% under PBB, 46-47% under
PBB+R estimated by single crop coefficient, dual crop coefficient and water balance

method (Fig. 48).

4.3.9.2. Water use efficiency (WUE) in wheat crop under different conservation
practices along with conventional practice in maize-wheat cropping

system

WUE in wheat crop was found lowest under CT treatment by single crop
coefficient, dual crop coefficient and water balance method. WUE calculated from
single crop coefficient was 10.94 Kg/ha/mm under CT treatment followed by PNB
(11.27 Kg/ha/mm), ZT (11.77 Kg/ha/mm), PNB+R (11.93 Kg/ha/mm), PBB (12.18
Kg/ha/mm), ZT+R (12.49 Kg/ha/mm) and PBB+R (13.41 Kg/ha/mm) treatment.
WUE calculated from dual crop coefficient was 11.41 Kg/ha/mm under CT treatment
followed by PNB (11.74 Kg/ha/mm), ZT (12.16 Kg/ha/mm), PNB+R (12.57
Kg/ha/mm), PBB (12.82 Kg/ha/mm), ZT+R (12.90 Kg/ha/mm) and PBB+R (14.02
Kg/ha/mm) treatment. WUE calculated from water balance method was 11.16
Kg/ha/mm under CT treatment followed by PNB (11.52 Kg/ha/mm), ZT (12.18
Kg/ha/mm), PNB+R (12.38 Kg/ha/mm), PBB (12.78 Kg/ha/mm), ZT+R (12.81
Kg/ha/mm) and PBB+R (13.95 Kg/ha/mm) treatment. Increase in WUE estimated by
single crop coefficient, dual crop coefficient and water balance method was 3.0-3.2%
under PNB, 6.5-9% under ZT, 9-11% under PNB+R, 11-14.5% under PBB, 13-14.7%
under ZT+R, 22.5-25.0% under PBB+R treatment (Fig. 49).

4.3.9.3. Water use efficiency (WUE) in pigeonpea crop under different
conservation practices along with conventional practice in pigeonpea-

wheat cropping system

WUE in pigeonpea crop was found lowest under CT treatment by single crop

coefficient, dual crop coefficient and water balance method. WUE calculated from
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Fig.48. Water use efficiency (WUE) under different conservation practices along
with conventional practice in maize during crop growing season in maize
—wheat cropping system
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Fig.49. Water use efficiency (WUE) under different conservation practices along
with conventional practice in wheat during crop growing season in maize
—wheat cropping system
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Fig.50. Water use efficiency (WUE) under different conservation practices along
with conventional practice in pigeonpea during crop growing season in
pigeonpea -wheat cropping system
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Fig.51. Water use efficiency (WUE) under different conservation practices along
with conventional practice in wheat during crop growing season in
pigeonpea -wheat cropping system
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single crop coefficient was 2.94 Kg/ha/mm under CT treatment followed by ZT (3.26
Kg/ha/mm), ZT+R (3.43 Kg/ha/mm), PNB (3.47 Kg/ha/mm), PBB (3.57 Kg/ha/mm),
PNB+R (3.59 Kg/ha/mm) and PBB+R (4.01 Kg/ha/mm) treatment. WUE calculated
from dual crop coefficient was 3.23 Kg/ha/mm under CT treatment followed by ZT
(3.58 Kg/ha/mm), PNB (3.72 Kg/ha/mm), ZT+R (3.81 Kg/ha/mm), PBB (3.83
Kg/ha/mm), PNB+R (3.87 Kg/ha/mm), and PBB+R (4.22 Kg/ha/mm). WUE
calculated from water balance method was 3.07 Kg/ha/mm under CT treatment
followed by ZT (3.43 Kg/ha/mm), PNB (3.55 Kg/ha/mm), ZT+R (3.59 Kg/ha/mm),
PBB (3.68 Kg/ha/mm), PNB+R (3.69 Kg/ha/mm) and PBB+R (4.09 Kg/ha/mm)
treatment. Increase in WUE calculated by single crop coefficient, dual crop
coefficient and water balance method was 15-18 % under PNB, 11-12% under ZT,
19.7-22.0% under PNB+R, 18.6-22.0 % under PBB, 17-18% under ZT+R, 31-36%
under PBB+R treatment (Fig. 50).

4.3.9.4. Water use efficiency (WUE) in wheat crop under different conservation
practices along with conventional practice in pigeonpea-wheat cropping

system

WUE in wheat crop was found lowest under CT treatment by single crop
coefficient, dual crop coefficient and water balance method. WUE calculated from
single crop coefficient was 10.65 Kg/ha/mm under CT treatment followed by PNB
(11.35 Kg/ha/mm), PNB+R (11.94 Kg/ha/mm), ZT (12.64 Kg/ha/mm), PBB (13.19
Kg/ha/mm), ZT+R (13.40 Kg/ha/mm) and PBB+R (13.67 Kg/ha/mm). WUE
calculated from dual crop coefficient was 10.10 Kg/ha/mm under CT treatment
followed by PNB (10.83 Kg/ha/mm), PNB+R (11.42 Kg/ha/mm), ZT (12.02
Kg/ha/mm), PBB (12.65 Kg/ha/mm), ZT+R (12.78 Kg/ha/mm) and PBB+R (13.17
Kg/ha/mm) treatment. WUE calculated from water balance method was 10.34
Kg/ha/mm under CT treatment followed by PNB (11.12 Kg/ha/mm), PNB+R (11.73
Kg/ha/mm), ZT (12.49 Kg/ha/mm), PBB (12.94 Kg/ha/mm), ZT+R (13.12
Kg/ha/mm) and PBB+R (13.34 Kg/ha/mm) treatment. Increase in WUE calculated by
single crop coefficient, dual crop coefficient and water balance method was 6.5-8%
under PNB, 12-13.5% under PNB+R, 18.6-21% under ZT, 23.5-25% under PBB,
25.6-27% under ZT+R and 28-30% under PBB+R treatment (Fig .51).



5. Discussion

Agriculture cannot sustain the growing human population on current damaging rate of
natural recourses. But with the burgeoning population, food security would be the
major issue which the world will have to face in coming decades. Due to over
exploitation, natural resources are degrading at an alarming rate. The main challenge
for agricultural scientists is to increase food production on sustainable waywithout
increase in crop acreage. So, the modern agricultural practices like conservation
agriculture may help farmers to accomplish the goal of sustainable agricultural
production. Studies have been conducted onvarious aspects of conservation
agriculture, such as agronomy, soil nutrients, physical, chemical and biological
propertiesof soil. No study has been done till now on how microenvironment within
crop canopies is being modified by this practice and its implications on growth and
yield as well as biotic and abiotic stresses. Apart from increase in food production,
conservation agriculture is expected to have positive impacts on environment
including reversing/mitigation of climate change effects. These are reduction in
greenhouse gases, maintenance of soil health and quality and is less dependent on

harmful chemicals such as pesticides.

Conservation agriculture which includes reduced tillage, residue incorporation
and crop rotation offers vast potential in this respect which is still untapped. It is a
known fact that weather and climate have main influence on crop production. But
more specifically, it is the microenvironment which depends on weather of the
location and the crop management practices that plays the mostvital role in overall
production.In this study, investigation was done on the effects of various conservation
practices showing differences in microenvironmentwithin the crop canopy and
quantified through micrometeorological parameters, such as soil temperature and
moisture, heat indices, air temperature and relative humidity within canopy and
photosynthetically active radiation etc. which influence the microenvironment of the

crop to a great extent.

In this research under maize-wheat and pigeonpea-wheat cropping system
includes seven treatments like permanent narrow bed with and without residue
(PNB+R, PNB), zero tillage flat bed with and without residue (ZT+R, ZT) and

permanent broad bed with and without residue (PBB+R, PBB) including conventional
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treatment (CT). Soil moisture is the most limiting factor in semi-arid and rainfed
areas.In the present study efficient use of water is addressed through permanent bed
systems in which ridge and furrow were used to raise the soil bed following the
tillage. During the study, we found minimum soil moisture under PNB and PBB
treatments before application of irrigation but they had sufficient soil moisture to
fulfill crop water requirements. ZT, ZT+R and CT treatments had flood irrigation but
under PBB, PBB+R, PNB and PNB+R treatments, water application was in furrows.
Similar result observed by Aggarwal and Goswami (2003). According to them the
lower application of water and the higher and increased infiltration due to highly
porous soil leads to low soil moisture in the bed. As the irrigation was applied at
around 20-22 days intervals, the soil moisture in the bed was less in comparison to
conventional planting but it always remained higher than its value at wilting point (4-
5% w/w). Residue plots had higher soil moisture content than CT and non residue
plots because residue reflect solar radiation, resist heat and vapour transfer lead to
adjustment in energy balance, reduce soil degradation by increase organic matter in
soil and improve soil water holding capacity. Limon-Ortega et al. (2002) indicated
the minimum soil disturbances, retained crop residue at the surface and needful
restructuring of beds between two crop successions were the main reason behind the
maximum soil moisture in the PBB+R treatment. Diaz Zorita et al. (2002), He et al.
(2006) and Bhattacharyya et al. (2008) observed higher soil water storage under
ZT+R than CT treatment.

According to Radke (1982), Mascagni and Sabbe (1990) the higher soil
temperature was found under PNB and PBB treatments was due to the lower soil
moisture in the soil bed in comparison to conventional treatment. Thus in comparison
to conventional planting the soil temperature will be always higher in bed as
compared to corresponding value of aerial temperature. At initial stage, soil
temperature variation between treatments was more because at that time crop residue
effect was dominant and crop shading effect was less. When crop growth increases
crop residue degraded and due to crop shading soil temperature difference within

treatments decreased.

Growing degree days values were lower under conventional than conservation
treatment because due to heat stress, plant maturity reached early as compared to

conservation treatment. Under conservation treatments crop had slightly longer crop
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growing period because they need more accumulation of heat form germination to
maturity. Among all treatments PBB+R treatment took maximum time to reached
physiological maturity in both cropping systems. According to BK et al. (2013),
longer days to maturity was observed in treatment which retains the residue than the
treatment without residue, this might be due to the availability of moisture in no
tillage and residue used treatments which caused longer time for physiological
maturity. Long-time retention of crop residue may have increased organic matter in
soil leading to higher mineralization of nutrient. Delayed senescence and higher
succulence of plants retained the green colour for longer time due to higher
nitrogenous level. GDD, HTU, PTI, PTU and RTD indices were found higher in
conservation treatments as compared to corresponding value in CT treatment. The
characterization and understanding of crop phenology is most important for
fertilization and irrigation practices (Streck et al., 2008). It is useful to assess if the
most critical stages of growth occur during periods of favourable weather and soil
fertility conditions. Air temperature based agro meteorological indices Vviz., growing
degree days (GDD) and photothermal index (PTI) have been used to describe changes
in phonological behaviour and growth parameters (Streck et al., 2008; Kumar et al.,
2010). Crop phenology is primarily affected by the air temperature and secondarily by

the soil temperature.

During initial crop growth period, there was no difference in air temperature
and relative humidity within canopy but with crop growth plant height increased, leaf
area expanded so on a clear day, the canopy temperature is supposed to decrease from
the top to the bottom as the shading effect of leaves cool down the canopy downwards
because less penetration of solar radiation occurs due to dense canopy. During this
period of crop growth there was significant difference in air temperature and relative
humidity within crop canopy. Kredl et al. (2012) suggested that ground level had
lower temperature and increased with increasing effective canopy height in the wheat
and rape stands.Relative humidity (RH) profile showed opposite trend with respect to
that of temperature profile i.e. RH within the canopy was higher than above the
canopyin all treatments because less sensible heat within the crop canopy and lesser
temperature variations from top to bottom of canopy by lesser transmission of solar
radiation to bottom of canopy and higher water vapour accumulation due to

transpiration losses from crop plants, less air movement. At later stages of crop
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growth when crop near to maturity due to senescence of leaves again the temperature
and relative humidity difference within treatments gradually decreased and become
negligible. Under Conservation treatments due to favourable microenvironment
conditions, the stomatal conductance had more value which controls both
photosynthetic assimilation and water losses through transpiration. The crop residue
restricted evaporation and conserve soil moisture, while water moves from deeper soil
layers to topsoil by capillarity action, thereby more topsoil-water promote more

transpiration in conservation treatments.

Biophysical parameters had better performance under conservation treatments
than CT treatment. Biomass, LAI, plant height etc had maximum values under
PBB+R treatment under both maize-wheat and pigeonpea-wheat cropping system. In
both cropping system for wheat crop, the biophysical parameters were better under
PBB+R treatment followed by ZT+R, ZT, PBB, PNB+R and PNB treatment. In maize
crop the biophysical parameters were better under PBB+R treatment followed by
PBB, ZT+R, ZT, PNB+R and PNB treatment. In pigeonpea crop residue treatments
performed better than other treatments. In conservation tillage nearly 30% crop
residue was put in plots. Due to the cellulose in plant residue, returning this material
as compost decreases the bulk density, endorses the creation of soil aggregate
organization and enhancement in the efficiency of water in soil (Edwards et al., 2000;
Tejada and Gonzalez, 2006). Soil fertility was enhanced due to transfer of certain
quantity of carbohydrate, N, P, K, and additional nutrients in residues applied to soil
was transferred to organic matter (Zayed and Abdel-Motaal, 2005; Benito et al., 2006;
Ribeiro et al., 2007; Roca-Pérez et al., 2009). Increased organic matter and improved
physico-chemical properties of soil provides better environment to beneficial
microorganisms which returns the residue as compost (Zayed and Abdel-Motaal,
2005; Ros et al., 2006; Bougnom et al., 2010). Ros et al. (2006) reported that the
returned compost further enhances the soil enzyme activity by increasing the extent of
enzymes and their substrates in the soil. Joshi et al. (2009) and Yogev et al. (2009)
observed that the above mentioned improvements finally enhances the root vigour and
physiological parameters, chlorophyll content, photosynthetic rate and carbohydrate
content of plants. Other parameter such as growth rate, plant performance, quality and
yield also increase simultaneously (Tejada and Gonzalez, 2006; Roca-Pérez et al.,

2009). The results obtained from the correlation analysis indicates that grain yield was
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highly significant and positively correlated with growing degree days at harvest
showed that more accumulation of thermal indices result higher grain yield, because
more temperature accumulation increase physiological activities, which results higher
grain yield. Higher amount of chlorophyll content was recorded in conservation
treatments compared to conventional treatment. Beltrano and Ronco (2008) reported
that moderate to severe water stress reduces the chlorophyll content in wheat leaves
which is further supported by the results that water deficit inhibits the chlorophyll
synthesis and sensitive wheat unable to withstand with this condition (Jones, 1985;

Sikuku et al., 2010)

Relative water content, water potential, transpiration rate etc were maximum
under PBB+R treatment followed by other ZT treatments. Lower Relative water
content under CT showed that crop was exposed to higher degree of water stress as
compared to conservation treatments. Hence the crop under conservation system was
able to better supplement demand for the transpiration compared to CT. This was due
to results of greater amount of conserved water in soil and sufficient accessible
nitrogen, particularly in later growth period. Leaf water potential is widely used to
quantify the water deficit in leaf tissues; it measures the energetic status of water
inside the leaf cells. This showed that due to deteriorated soil condition in
conventional treatment plants were in more stress than the plant grown under other

conservation treatments.

Due to favourable microenvironment conditions under CA treatments, yield
was more than CT. Straw mulching was found to increase 100-seed weight and yield
attributes (Yi et al., 2007 and Wang et al., 2011). Further they confirmed that instead
of half straw mulching the effects of full-straw mulching were superior, due to
increased soil moisture content by 27.9 and 27.6% for two consecutive years of
experimentation. Khan and Pervej (2010) and Wang et al. (2011) indicated optimum
soil temperature and soil moisture due to wheat straw mulches were the probable

reason for increased in the dry matter accumulation in plant.

The nitrogen from the left over crop residue (stubble) supplements the N
requirement of developing plant. It is established that minimum tillage mixes crop
residues more in top soil then the other tillage operations which accumulate more
residue in deeper layers. Steiner et al. (1999) revealed that top soil decomposes the

crop residues faster than deeper soil. This is well revealed that the inorganic N
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fertilizer releases the N rapidly than plant and microbial residues but the need based
supply is better of organic N from plant and microbial residues (Dinnes et al., 2002).
Thus during the late growth stage of plant growth the residue behave as potential
nitrogen source which is effectively enhancing grain protein and yield, which further
support that the decomposition of residue in late crop growth phase of maize (when
the soil N content is low) is responsible for higher grain yield through minimum
tillage and residue retention treatment. Izumi et al. (2004) reported that uninterrupted
no-tillage practice progressively enriched the soil state for the root system
development and also, improve the crop growth and yield, through improving the

growth attributes.

During the present study conservation treatments had more plant height as
compared to conventional treatment. Maximum plant height was obtained under
PBB+R treatment which may be attributed by means of reduced soil compaction,
improved soil aeration and uniform distribution of nutrients particularly in early
growth phase of the crop (Bennie & Botha, 1986). According to Pervez et al. (2009)
maize crop was found taller due to availability of higher moisture content under the
greater level of mulch. Gajri et al. (1994) reported that higher water infiltration and
moderates soil temperature in the course of intensive rain under the conservation
tillage. According to Smart and Bradford (1999) conservation tillage decreases the
economical cost through subsiding the number of field operations, labour cost, fuel,
tractors in comparison with conventional tillage system hence providing the greater
returns. Although without sufficient organic mulch possibility of conserving soil
moisture with only tillage treatment will not be adequate in comparison to
conventional tillage system (Gicheru et al., 1998). Vidhana Arachchi and Liyanage
(2003) revealed that additional build-up of leaf litter conserved the soil moisture
through reducing the evapotranspiration from the compact soil layer. Crop residues
reduced wind speed and increased photosynthetic area that enhances the efficiency of
net carbon assimilation (Cutforth et al., 1997). Scopel et al. (1998) studied the effect
of the mulch on radiation in their experiment and found that interception was
significant and varied with residue quality and with the percentage of soil cover. Osei-
Bonsu et al. (1996) reported that in conservation practices, legume green manures is
used for nitrogen fixation which further covers the ground which cuts soil erosion,

assists in weed control and reduces compactness of intensely cultivated soils.
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Aggarwal & Goswami (2003) and Gupta et al. (2007) reported that practice of rising
of seedling in raised bed- furrow seeding system in northwest India gave significant
reduction of water utilization and obtaining higher yields for a range of crops, in
comparison with the flat bed with flood irrigation traditional system followed by the

farmers.

Afuakwa and Crookston, (1984) reported increased leaf area under
conservation treatment plots sighting the reason of various environmental factor.
Increased quantity of surface residue was found to have a significant effect on plant
available water, thus lowering the water stress and causing increase in LAI (Scopel et
al., 2004). Leaf area index (LAI) is an important parameter for the crop growth
studies since it is useful in interpreting the capacity of a crop for producing dry matter
in terms of the intercepted utilization of radiation and amount of photosynthesis
synthesized. The seasonal profile of LAI showed a rapid increase during vegetative
phase (seedling to flowering) then reached a peak and thereafter it decreases due to
senescence. Sangakkara et al. (2004) observed 21 and 10 % increase in leaf arca
indices of cassava and sweet potato respectively due toincorporation of legume leaf
mulch. Supply of nitrogen from rapid decay of legume leaves and conserved moisture
could be the reason behind the better plant growth of the plant which is similar to our

findings.

Faster leaf area growth caused higher PAR interception in field crops during
the vegetative stage (Tsubo et al., 2001). Natarajan and Willey (1980) and Sivakumar
and Virmani, (1980) reported that variation in radiation interception, depends on
canopy leaf area from seedling emergence to crop harvest. According to Addo-Quaye
et al. (2011) during initial growth phases the greater PAR conversion efficiencies may
be obtained through higher distribution efficiency of light over the greater leaf area of
crop canopies. Furthermore, several workers (Reddy and Willey, 1981; Sivakumar
and Virmani, 1984; Watiki et al., 1993) revealed that leaf area and radiation
interception follow the same patterns. Bonhomme (2000) suggested that crop canopy
couldintercept 85% PAR only when crop had larger leaf area and this supported our
finding that less fIPAR was observed in treatments which had less leaf area in
conventional treatment and zero tillage narrow bed treatment. These treatments
showed slow initial growth which produced lower leaf area resulting in lesser

interception of photosynthetically active radiation. Radiation use efficiency (RUE) in
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different crops under both cropping systems increases gradually from vegetative stage
to flowering stage because after that assimilated biomass transfer to grain formation to
fulfil nitrogen needed for grain filling which cause leaves yellowing and senescence
so declines leaf photosynthesis capacity and RUE. Long et al. (2006) had mentioned
in their study that changes in the efficiency of light interception as well as light
utilization could improve photosynthesis and yield potential up to 50%. Difference in
biomass accumulation over the years were also observed by Lindquist et al. (2005)
due to variations in radiation interception, which further vary particularly because of
variations in leaf area indices. The shoot mass was found to be increased in both the

summer and winter crops by 20 and 9% respectively (Shah et al., 2003).

Incorporation of legume leaves enhanced dry matter accumulation in cassava
and sweet potato Sangkarra et al. (2004) reported significant correlation existed
between crop growth rates and leaf area indices for both cassava and sweet potato
(r> =0.714 and r’>= 0.843 respectively). The yields of field pea, flax and spring wheat
in zero tillageand minimum tillagewere found to be increased by 9%, 23% and21%
over conventional tillage respectively (Lafond et al., 1991). Interaction of tillage and
straw application was significant with 46%to 70% grain yield (Mesfine et al., 2005).
Scopel et al. (2004) revealed that effective reduction in water loss and increment in
yield might be a result of small quantity of crop residue. Khan et al. (2008) observed
in their study that emergence was significantly delayed (12.1day) in deep ploughed
(DT) plots in comparison to minimum ploughed (MT) plots (11.3 day). Energy
reaching to surface can be limited by surface residue which decreases soil water
evaporation. Thus, this water wasprevented from being lost into the atmosphere and
wasstored (Scopel et al., 2004). According to Mulumba and Lal (2007) water
availability can be increased by 18-35%, total porosity by 35—46% and soil moisture
retention at low suctions from 29 to 70% through use of mulching. Therefore,
residues made more availability of moisture to plants during crop growth period that
resulted in higher biomass accumulation and higher yield. The above mentioned
results are reinforced by Khan et al. (2009) who further revealed that in zero tillage
crops produced higher grain yield in comparison to conventional and deep tillage
crop. Habtegebrial et al. (2007) states that nitrogen contributes significantly in
improving soil fertility hence resulting enhanced vegetative growth and biomass of

maize (Ogola et al., 2002). Deficiency of nitrogen delays plant growth and
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development leads to reduction in yield. Tolk et al. (1999) compared the mulched soil
with bare soil for grain yield and reported significant increase in grain yield in case of
mulched soil. Reddy et al. (2002) further reinforced that soil physical characteristics
like infiltration rate, bulk density and hydraulic conductivity can be improved by
incorporation of crop residues like wheat straw combined with fertilizer and zero
tillage practices. According to Khurshid et al. (2006) increased tillage practice can
significantly reduce the bulk density. According to Aulakh et al. (2000) mulch aid in
improved root and augmented maize grain yield by increasing plant N-uptake
competence, dropping N release losses and improving nutrient preservation over un-

mulched plots.

Now days many advanced countries like America and Australia are following
the practices of straw mulch magnificently to improve soil characteristics such as
ability to retained moisture, prevention of wind erosion, weeds control, nutrient
supplying ability and finally the improvement in soil structure. Higher level of
conserved water and better soil physical conditions in conservation tillage and wheat
straw mulch might be the reason for taller plant. Some other worker (Pervez et al.,
2009; Vetsch & Randall, 2002) also observed that mulching with tillage induces
greater plant height, grain yield and biological yield. Stone et al. (1999) reported that
maize development is controlled by the temperature of the meristem. Rosner et al.
(2008) reported that tillage is most important among insect pest, diseases, weeds
influx, seasonal changes, irrigation and post-harvest losses which is accountable for
lowering maize yield. Tillage is the foundation of any crop production system and is
the principal factor in maize production. It upholds the available structure or improves
the ailing structured soils. Nill and Nill (1993) reported that changed soil physical,
chemical and biological characteristics due to wheat straw mulch treatments leads to
higher number of grains per cob. Shirani et al. (2002) and Albuquerque et al. (2001)
supported these findings by reporting that zero tillage and mulch application increase
the height of plant, number of green leaves, number of grains per ear and grain
weight. Khurshid et al. (2006) reported significant correlation between number of
cobs per plant and interaction effect of mulching and tillage. Gaultney et al. (1980)
also reported 45-50 per cent yield reduction in maize due to subsoil compaction.
Allmaras et al. (1988) also found lower yield as a result of root growth restrictions

under subsoil compaction. Boomsma et al. (2009) reported that maize grown in zero



135

tillage might utilised the nitrogen and water up to 40 cm of deep root zone leading to
increase in chlorophyll contents and finally higher protein content. Minimum
photosynthesis in conventional treatment found in maize-wheat and pigeonpea-wheat
cropping system. Lawlor (2002) termed the decline in photosynthesis in water stress
as metabolic limitations, whereas Tezara et al. (1999) cited ATP synthesis
deterioration as main reason. On the other hand, Cornic and Fresneau (2002) intense
lycited the stomatal closure as main reason for reduced photosynthesis rates in water
stressed condition. They explained that the higher value of photosynthesis can be
obtained by supplying adequate quantity of COz to the leaves. Flexas et al. (2004)
stated that the lower photosynthesis rates under water deficit conditions is the
combined result of water stress and plant species or cultivars, age of the plant and

leaves, the light intensity and other factors.

Various methods are used to estimate ETc, but the most popular and widely
used technique relies on empirical crop coefficients (Kc) (Jensen and Allen, 2000). In
our research single and dual crop coefficient methods were used to calculate ETc
which was adjusted by water stress coefficient to calculate ETa. Although the K¢ and
Keb exhibited similar kind of response to different treatments but Kb was able to
produce some higher difference during mid season stage with respect to different
tillage and residue treatments. During this active growth period the percentage of bare
ground was very less due to the faster development of canopy which made the
transpiration component much higher than that of evaporation. Keb is more related to
transpiration than K. which integrates both the transpiration and evaporation

components, that indicates that Keb better indicator of crop water use.

Plant parameters influencing the crop coefficient calculation are soil cover and
plant height and climatic correction for relative humidity and wind speed. Similarly
methods of irrigation also influence the K¢ values. Bandyopadhyay and Mallick
(2003) observed that non- significant difference existed between estimated and FAO
reported Kc values of predetermined four stages for wheat but our results suggest that
the estimated K¢ and Kcb values in maize-wheat and pigeonpea-wheat cropping
system were differed from FAO values. This may be attributed to the fact that earlier
study was made under the humid tropical climatic conditions whereas our study was

conducted under the semi-arid subtropical climatic regions of Delhi.
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This ushered the need of development of regional and growth stage-specific
crop coefficient values of different crops for precise application of irrigation water
which otherwise lead to over or under irrigation having negative impacts. Su et al.
(2002) reported the seasonal maximum water use of maize under surface irrigation
conditions at the experimental site was 651.6 mm, with the average values of water in
the initial, development, mid-season and late season stages were 1.2, 2.7, 5.3, and 3.3

! respectively. Cai et al. (2003) reported 600 mm ET. value for the maize

mm day
growing season at Jingtai irrigation district. At Hexi area of Gansu province 621 mm
average ET. value was reported by Liu et al. (2005). Variation in crop canopy,
climatic conditions, soil-crop management and irrigation method regulates the crop
water requirement which may vary with growing period of the crop. Approximately
99% of water intake by plants accounts for evapotranspiration (ET) and hence that the
control of actual crop evapotranspiration (ET.) at regular scale over the entire
vegetative cycle can be assumed as equivalent to the water for a given crop.
Evapotranspiration losses were found maximum under CT, ZT treatment where flood
irrigation was given. Under residue practices less evapotranspiration was found. In
our study water use efficiency was found maximum under PBB+R treatment. Residue
helps to retain more soil moisture, reduce evapotranspiration and increase capacity of
soil to provide more water to crop. Higher water use efficiency is indicated by higher
grain yield by means of application of equal water. The results are further supported
with the outcomes of Limon-Ortega et al. (2002), increased in the grain yield of maize
was due to retained residue in summer planting. Conservation agriculture is most
important management practices in agriculture for increasing the water use efficiency
through decreasing the soil evaporation with retained crop residue. The crop residue
cover helps in decreasing soil temperature, retention of soil moisture and decrease in
soil evaporation and soil erosion (Wilhelm et al., 1986; Gajri et al., 1994; Fawcett and
Towery, 2002).

Permanent soil cover can be maintained with the help of permanent raised
beds for better rainwater harvest and conservation (Govaerts et al., 2005, 2007). The
advantages of permanent raised beds are better than conventional zero tillage (ZT
with flat planting) in terms of saving irrigation water and weeding. Akbar et al. (2007)
pointed the advantages of broad-beds and narrow-beds in the maize-wheat cropping

system where they reported about 36and 10 % water saving under broad-beds and
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narrow-beds respectively compared to flat sowing. They further observed an increase
of 6 and 33% in grain yield for wheat and maize respectively in Pakistan. In broad-
beds and narrow-beds systems the furrows act as rain harvesting and conserving

structure in dryer spells and drainage structure during excessive rains (Astatke et al.,
2002).

Information of accurate crop water requirement is vital for water resources
management and irrigation scheduling in order to enhence water use efficiency at
regional, national and global scale (Hamdy and Lacirignola, 1999; Katerji and Rana,
2008). Therefore, it is necessary to improve the water use efficiency in agriculture to
sustain the natural input resource (water) and the crop production in order to meet the
demand of food for billions of people in coming future. This can only be achieved by
employing proper technologies for saving of irrigation water at the time of each

application.



6. Summary & Conclusions

Conservation agriculture offers a powerful option for meeting future food demands
while also contributing to sustainable agriculture and rural development. Conservation
agriculture methods can improve the efficiency of input, increase farm income,
improve or sustain crop yields, protect and revitalize soil, biodiversity and the natural
resource base. Conservation agriculture provides knowledge and tools to enable
farmers to achieve acceptable profits from high and sustained crop production levels,
conserving resources and protecting the environment. Conservation agriculture
methods enhanced natural biological processes above and below the ground by
reducing interventions such as mechanical soil tillage to an absolute minimum. They
also ensure that application of external inputs, such as agrochemicals and mineral or
organic nutrients, does not interfere with, or disrupt, biological processes. To study
impact of different conservation treatments along with conventional treatment on
microenvironment and biophysical parameters of maize, wheat crop in maize-wheat
cropping system and pigeonpea, wheat crop in pigeonpea-wheat cropping system,
experiments were conducted during kharif and rabi season of 2014-15 and 2015-16 at

research farm of I[CAR- Indian Agricultural research Institute, New Delhi.

During kharif (2014), Maize (Zea mays L.) variety BIO 9637 was sown on 5
July and during rabi (2014-15) wheat (Triticum aestivum L.) variety CSW 18 was
sown on 10" November in the maize-wheat cropping system. In 2015-16 during
kharif season Pigeonpea (Cajanus cajan L.) variety Pusa 992 was shown on 30" May
2015 and during rabi wheat (Triticum aestivum L.) variety HD 3117 shown on 11t
December 2015 in the pigeon pea-wheat cropping system. The field experiment was
conducted with sowing of crop in seven treatments, conventional tillage (CT),
permanent narrow-bed without residue (PNB), permanent narrow-bed with residue
(PNB+R), permanent broad-bed without residue (PBB), permanent broad-bed with
residue (PBB+R), zero tilled flat bed without residue (ZT), zero tilled flat bed with
residue (ZT+R) with three replications arranged in a randomized block design (RBD).

Different micrometeorological parameters viz., soil moisture and temperature
at different soil depth, heat indices, air temperature and relative humidity within crop
canopy etc were measured at experimental site in both the season at different interval

for knowing the microenvironment under different conservation treatments along with
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conventional treatment. Different growth parameters viz., leaf area, plant height,
biomass, leaf water potential, relative water content, chlorophyll content etc were
measured at different days after sowing for understanding the effect of different
microenvironment under different conservation treatments along with conventional
treatment on crop growth. Yield and yield attributes calculated after harvesting of
crop. Intercepted photosynthetically active radiation and radiation use efficiency,
photosynthesis rate, stomatal conductance, transpiration rate were also measured at
different days after sowing. Water use efficiency was calculated by soil water balance
method, single crop coefficient and dual crop coefficient. From the study following

results were drawn:

¢ Soil moisture content under different treatments was found to be highest value

under ZT+R followed by ZT, PBB+R, PNB+R, CT, PBB and PNB treatment.

e Soil moisture had more value under residue treatments (13-22%) because they
reflect solar radiation, resist heat vapour transfer and improve water holding

capacity of soil.

e PNB, PBB treatments had 10-20% lower soil moisture as compared to CT
treatment but it was sufficient to fulfil crop water demand resulting saving of

irrigation water.

e Soil temperature had reverse trend of soil moisture. PNB treatment had
maximum temperature followed by PBB, CT, PNB+R, PBB+R, ZT and ZT+R

treatment.

e Soil temperature on the bed remained always 0.5-3.7 °C higher than on the
flat surface therefore planting on beds is preferred in winters when soil
temperatures are suboptimal, as seed germination, growth of the seedlings in
the initial stage and root as well as crop growth improved in the conservation

treatments.

e Different thermal indices like GDD, HTU, PTU, PTI and RTD had higher
values under different conservation treatments than conventional treatment
because physiological maturity delay under conservation treatments due to

better crop microenvironment as compared to conventional treatment (CT).
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e Heat use efficiency (HUE) had significantly higher value under conservation

treatments than CT.

e Air temperature within canopy measured at 2.30 PM was lower under
conservation treatments than CT and relative humidity (RH) showed reverse
trend. PBB+R had 1-1.4 °C lower air temperature and 6-7.7% higher RH than
CT at flowering stage.

Photosynthesis rate, stomatal conductance and transpiration rate had
significantly lower value under conventional treatment as compared to

corresponding value in different conservation treatments.

In maize, PBB+R and PBB treatments had better result followed by ZT+R. In
wheat crop PBB+R and ZT+R treatments had better values as compared to
other treatments in both cropping systems. For pigeonpea PBB+R, PNB+R
and ZT+R treatments showed best results as compared to corresponding value

in other treatments.

e Biomass and other biophysical parameters like, LAI, plant height, RWC, water
potential and chlorophyll content had maximum values under PBB-+R
treatment followed by other conservation treatments. Least values were found

under conventional treatment.

Increase in biomass under PBB+R was 37% in maize, 29% in wheat under
maize-wheat cropping system and 21% in pigeonpea and 32% in wheat under

pigeonpea-wheat cropping system as compared to CT.

LATI under PBB+R was 16% higher in maize, 15% in wheat under maize-wheat

cropping system and 18% in pigeonpea and 21% in wheat under pigeonpea-
wheat cropping system as compared to CT.

e Increase in plant height under PBB+R treatment was 20-25% than
corresponding value in CT in maize-wheat and pigeonpea-wheat cropping
system.

e RWC was 10-15% higher in PBB+R treatment over CT under both cropping
systems.

e Increase in water potential was 17% in maize, 19% in pigeonpea and 10-12% in

wheat crops under PBB+R treatment than corresponding value in CT.

e Chlorophyll content under PBB+R was 18% higher in maize, 15% higher in
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wheat under maize-wheat cropping system and 19% higher in pigeonpea and
20% higher in wheat under pigeonpea-wheat cropping system as compared to
CT.

e Maximum LAI under PBB+R treatment indicates more interception of
photosynthetically active radiation resulting higher CIPAR and RUE under
PBB+R treatment as compared to other treatments.

e Increase in RUE under PBB+R was 20% in maize, 23% in wheat under maize-
wheat cropping system and 26% in pigeonpea and 28% in wheat under
pigeonpea-wheat cropping system as compared to CT.

¢ Yield and yield attributes had maximum values under PBB+R treatment. Grain
yield under PBB+R was 25% higher in maize, 16% higher in wheat under
maize-wheat cropping system and 17% higher in pigeonpea and 19% higher in
wheat under pigeonpea-wheat cropping system as compared to corresponding
values in CT.

e System productivity had more values in pigeonpea-wheat cropping system than
maize-wheat cropping system.

e Estimated reference evapotranspiration and pan evaporation had good
correlation at R? value of 0.87 for maize and 0.89 for wheat crop in maize-
wheat cropping system and R? value of 0.86 for pigeonpea and 0.92 for wheat
in pigeonpea-wheat cropping system.

e Different stages, initial, development, mid and late season stages were
calculated based on the crop coverage data as suggested by FAO-56 had
different value for different crops under different treatments.

e The adjusted value of single and basal crop coefficient had initially lower
value, increase during development phase reached maximum during mid
season stage and then decline during late stage.

e Soil evaporation coefficient Ke was low except during irrigation and
precipitation events.

e The value of crop evapotranspiration was found to be more during mid season
stage in all crops with respect to different treatments and weather condition.

e The value of crop evapotranspiration was decreased due to water stress in field

and calculated with help of soil water stress coefficient Ks.
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e The crop evapotranspiration (ETc) and actual evapotranspiration (ETa) values
calculated by single crop coefficient, dual crop coefficient and water balance
method were found higher values under CT, ZT and ZT+R treatments because
they had flood irrigation. PNB, PNB+R, PBB and PBB+R had less value due
to furrow irrigation. Residue treatment had lower water loss by residue and
improvement in water holding capacity.

e Water requirement in crops can be estimated more accurately by dual crop
coefficient approach as compared to single crop coefficient and water balance
method as it includes both soil and crop coefficient.

e Water use efficiency by single crop coefficient, dual crop coefficient and
water balance method had maximum values under PBB+R treatment and
lowest value under conventional treatment.

e PBB+R treatment had 30-33% higher WUE in maize, 23-27% higher value in
wheat as compared to corresponding value in conventional treatment under
maize- wheat cropping system.

e In pigeonpea-wheat cropping system, PBB+R had 30-35% higher WUE in
pigeonpea and 28-30% higher WUE in wheat as compared to conventional

treatment.
From the above result following conclusion can be draw:

e Incorporation of conservation treatments helps to maintain favourable
microenvironment like improving soil moisture, RH, soil and air temperature
than conventional treatment.

e The effect of favourable microenvironment under conservation treatments led
to better resource use efficiency in term of higher HUE, RUE and WUE in
both cropping system.

e PBB+R management practice is recommended for adoption by farmers for
improving productivity under maize-wheat and pigeon pea-wheat cropping
system in semi arid region of Indo-Gangetic area.

e Pigeonpea-wheat cropping system has relative advantage over maize-wheat
cropping system in term of overall system productivity.

e Dual crop coefficient method is useful for determine water stress in crop and
to calculate daily evapotranspiration losses, water need of crop and for

irrigation scheduling.



Characterization of micrometeorology under different crop
environments

ABSTRACT

Conservation agriculture comprises three principles: reduced soil disturbance,
maintaining soil cover with crop residues or green manures, and diversifying cropping
systems. The practice is widely promoted around the world, in both developed and
developing countries. It is promoted for its natural resource saving practice; maintain
soil fertility, to fight against soil erosion, desertification and better use of scarce water
resources. It also recognise due to its economic benefits, increase production, reduce
production cost and labour reduction, increase farm income and better production
stability, hence better food security. CA also shows a new benefit in fighting against
global warming by increase carbon sequestration in soil.

Keeping these in mind experiments were conducted during kharif and rabi
season of 2014-15 & 2015-16 at research farm of ICAR- Indian Agricultural research
Institute, New Delhi to study microenvironments under different conservation
treatments along with conventional treatment and their effect on biophysical
parameters and yield of maize, wheat crop in maize-wheat cropping system and
pigeonpea, wheat crop in pigeon pea-wheat cropping system. During kharif (2014),
Maize variety BIO 9637 was shown on 5" July and during rabi (2014-15) wheat
variety CSW 18 sown on 10" November in the maize-wheat cropping system. In
2015-16 during kharif season, Pigeonpea variety Pusa 992was shown on 30" May and
during rabi wheat variety HD 3117 shown on 11" December in pigeon pea-wheat
cropping system.

The field experiment was conducted with sowing of crop in seven treatments,
conventional tillage (CT), narrow-bed without residue (PNB), narrow-bed with
residue (PNB+R), permanent broad-bed without residue (PBB), permanent broad-bed
with residue (PBB+R), zero tilled flat bed without residue (ZT), zero tilled flat bed
with residue (ZT+R) arranged in a randomized block design (RBD) with three
replications. Observations on different weather parameters (air temperature and
relative humidity within crop canopy), soil moisture and soil temperature, heat
indices, photosynthesis rate, stomatal conductance, transpiration rate, crop growth

parameters like leaf area, biomass, plant height, chlorophyll content, leaf water



potential, relative water content and Intercepted photosynthetically active radiation,
RUE were measured at different days after sowing. Adjusted single and dual crop
coefficient values for semi-arid climate of Delhi were calculated with help of FAO-56
method. Water use and water use efficiency were computed by single crop coefficient
and dual crop coefficient and water balance method.

Results showed that the microenvironment was improved under different
conservation practices. Soil moisture had more value under residue treatments due to
reflect solar radiation and improve water holding capacity of soil. Soil temperature
showed opposite trend of soil moisture. Thermal indices like GDD, HTU, PTU and
PTI had non-significant difference under different conservation treatments as compare
to conventional treatment but HUE had significantly higher value under conservation
treatments as compared to conventional treatment.Air temperature within canopy had
lower value in conservation practices as compared to conventional treatment and
relative humidity showed opposite trend. Stomatal conductance, Photosynthesis rate,
transpiration rate, biomass, plant height, water potential, relative water content, leaf
area, different yield attributes and grain yield was found higher value under
conservation treatments than conventional treatment. Better crop growth, yield and
RUE in conservation treatments over conventional treatment could be due to the
additional nutrient by crop residue, improved soil physical properties and water
regimes, better water extraction, aeration and nutrient use in conservation treatments.
System productivity had higher value in pigeonpea-wheat cropping system than
maize-wheat system. Lower evapotranspiration was observed in PBB+R, PBB,
PNB+R and PNB treatment due to less water application and reflection of radiation
by residue etc. Among all treatments, PBB+R showed better microenvironment for
crop growth and gave higher grain yield, WUE, RUE and HUE than the other
treatments. Thus, PBB+R management practice could be adopted by farmers for
improving crop productivity in the maize-wheat and pigeon pea-wheat cropping
system in semi-arid region of Indo-Gangetic area.

From the above studies it can be concluded that conservation practices provide
a new, multi-benefit tool for crop production. It provides favourable
microenvironment for crop growth, increase crop production, better use of scarce
water resources, hence give better food security at sustainable use of natural

resources.
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