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ABSTRACT

An experiment was conducted to found out suitable resource conservation technology during the rabi
season, 2014-15 at the research farm of ICAR-Indian Agricultural research Institute, New Delhi to
evaluate the effect of various tillage practices on micrometeorological and biophysical parameters of
wheat crop in pigeonpea-wheat cropping system. The crop was sown under conventional and different
conservation practices such as, zero tilled permanent narrow bed (PNB), zero tilled permanent narrow
bed plus residue (PNB+ R), zero tilled permanent broad bed (PBB), zero tilled permanent broad bed
plus residue (PBB+R), zero tilled flat bed (ZT), and zero tilled flat bed plus residue (ZT+R). Results
showed that under different conservation practices, crops had better growth as compared to conventional
tillage system. Conservation practices helped to improve crop productivity by modification of soil
physical environment like moisture retention capacity, soil temperature etc., and thus might be
recommended for semi-arid regions in India.
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more flexible, while the capacity of smallholder
farmers to attain family food security increases.
This approach is relevant, especially with the
general consensus on increasing year-to-year
variability in precipitation which lead to increase
in both inter- and intraseasonal drought and flood
events and high uncertainty about the onset of
the rainy seasons. Yields for staple cereals are
predicted to fall sharply with a 1-2°C change in
temperature, compounded by more erratic rainfall
patterns (Stige et al. 2006). Current dry spells
lasting for more than 14 days in the basin occur
every 2 years (Magombeyi and Taigbenu 2008;
Mupangwa et al. 2011). This is likely to have an
impact on the socioeconomic and cultural
development of poor rural communities. Bouzza
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Introduction

Conservation agriculture (CA) is the
application of modern agricultural technologies
that water to improve production, while at the
same time, protecting and enhancing the land
resources on which production depends. Zero
tillage, along with other soil conservation
practices, is the cornerstone of CA (Dumanski et
al. 2006). Positive changes in soil quality, in
terms of physical structure, infiltration rates and
carbon content as a result of CA, have been
reported (Nyamadzawo et al. 2012). CA also
promotes the optimization of yields and profits,
typically decreases, labor demands which become
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(1990) found that water storage increased from
50 to 85 mm as a result of surface applied straw
as compared to conventional treatment. The no-
tillage + crop residue management is potentially
found better than tillage for dryland crop
production (Baumhardt and Jones, 2002) because
it maintained greater water content in the soil and
greater root growth especially in years of low
rainfall (Lampurlanes et al., 2001). Soil moisture
storage under crop residue improved both the
PARi (intercepted photoactive radiation) and RUE
(radiation use efficiency), thereby significantly
increasing the grain yield, probably because it
stimulated physiological processes after soil
drying episodes, leading to compensation or
overcompensation in plant growth and grain yield
(Deng et al., 2006). Scopel et al. (2004) studied
the effect of mulch on radiation and found that
interception was significant and varied with
residue quality and with the percentage of soil
cover. The improvement in soil tilth, especially
below seeding depth tended to promote root
growth and seedling development, as shown by
Zhang et al. (2006). Use of correct tillage
methods may contribute to higher profits, crop
yields, soil improvement and protection, weed
control and optimum use of water resources since
tillage has a direct impact on soil and water
quality (Hanna et al., 2009). The current study
discusses analysis of micrometeorological
parameters under different conservation practices
and their impact on biophysical parameters and
production of wheat crop in a semi-arid region of
Delhi. The objective was to quantify the eco-
physiological responses of wheat to different
conservation practices and conventional
treatment.

Materials and Methods

The present study was carried out in the
experimental farm of the Indian Agricultural
Research Institute (IARI), New Delhi. The soil
type is alluvium and texture is sandy clay loam
(fine loamy, illitic, Typic Haplustept) with
medium to weak angular blocky structure. The
soil is non-calcareous and neutral in reaction and
poor in available N, medium in available P and
organic carbon. Water table of this site remained
below 3.5 m deep from ground surface during
crop growth period. During rabi 2014-15, wheat
(Triticum aestivum L.) var. HD 3117 shown on
11th December with seven treatment combinations
viz., conventional treatment (CT), zero tilled
permanent narrow-bed (PNB), zero tilled
permanent narrow-bed sowing with residue
retention (PNB + R), zero tilled permanent broad-
bed (PBB), zero tilled permanent broad-bed with
residue (PBB + R), zero tilled flat bed (ZT FB),
zero tilled flat bed with residue (ZT FB+R)],
arranged in a randomized block design (RBD)
with three replications. Weather parameters like
temperature and relative humidity were measured
by pocket weather tracker at 11 A.M. and soil
moisture measured by the gravimetric method.
Weather condition during crop growing period is
shown in Fig. 1. Observations on different
crop growth parameters such as leaf area,
biomass, yield were recorded at different growth
stages. For biomass, three plants were selected
randomly from each plot and oven-dried at 65°C
for 48 h and weighed until a constant weight
was achieved. Dry biomass produced was
expressed in g m-2. Seed yields were measured
after harvest.

Fig. 1. Daily weather data during crop growing period
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Leaf water potential was measured with the
help of pressure bomb (PMS Instruments Co,
USA) using the method of Scholander et al
(1964).

Relative water content (RWC) was calculated
using the following formula.

Fresh wt–Dry wt
RWC (Relative water content): ———————— …(1)

Turgid wt–Dry wt

Chlorophyll Content measured using
Spectrophotometer Spectronic-20. The total
chlorophyll content was calculated as:
Total Chlorophyll content (mg/g of fresh weight) =

…(2)

Where, A645 = Absorbance at 645 nm, A663 =
Absorbance at 663nm, V = Final volume of
chlorophyll extract in DMSO and W= Weight of
plant sample

Statistical analysis viz., computation of
correlation coefficients, critical difference and
student t test was carried out using Excel and
SPSS packages (Version 10.0). The required
graphs were drawn using MS Excel software
package.

Result and Discussion

Soil moisture and soil temperature

Soil moisture content had the highest values
under ZT+R treatment and ZT, PBB+R, CT
treatments had no significant difference in soil
moisture content. The lowest amount of soil
moisture was recorded under PBB followed by
PNB treatment. The ZT+R had 8% higher
moisture content than CT, while PNB+R had 6.5-
8.4%, PBB 10-14% and PNB 19-22% lower soil
moisture compared to the corresponding values
in the conventional treatment (Fig. 2). Under
wheat crop, maximum temperature was found
under PNB treatment. Decrease in temperature
was 0.4-0.7 °C under PBB, 0.9-1.62 0C under CT,
1.3-2.2 °C under ZT, 1.9-2.8 °C under PNB+R,
2.3-3.1 °C under PBB+R, 2.6-3.4 °C under ZT+R
compared to PNB treatment (Fig. 3). Surface

residue reflects solar radiation and insulates the
soil surface to reduce the soil temperature
(Shinners et al., 1993; Van Wijk et al., 1959).
Crop rotation can help in enhancing the soil water
content and availability especially in rainfed
agriculture (Roder, 1989).

Biomass

Wheat biomass starts with an initially slow
growth phase till the end of vegetative stage
followed by a rapid increase in tassel stage
initiation, and continued till physiological
maturity stage in all treatments. Lowest biomass
was found under ZT NB treatment followed by
CT. Increase in wheat crop biomass as compared

Fig. 2. Soil moisture under different conservation
practices and conventional treatment in wheat
during crop growing season
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Fig. 3. Soil temperature under different conservation practices along with conventional treatment in wheat
during crop growing season
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to CT was 9-14% under PBB, 10-21.12% under
ZT, 24-31.3% under ZT+R, 41-48% under
PBB+R treatment (Fig. 4). Moreno et al. (1997)
recorded marginally higher yields in wheat and
sunflower in the conservation 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
both soil water recharge and water conservation.

Leaf area

Leaf area 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 term of the intercepted utilization
of radiation and amount of photosynthesis
synthesized. Results showed that in wheat,
minimum leaf area found under PNB treatment.

Increase in leaf area was 5-14% under PBB, 14-
21% under ZT, 18.5-24% under ZT+R, 17-28%
under PBB+R treatment as compared to CT
treatment (Fig. 5). 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). Mulches increased leaf area and crop
growth rates and the leaf area indices of cassava
and sweet potato were increased (21% in cassava
and 10% in sweet potato) by incorporation of
legume leaf mulch founded by Sangakkara et al.
(2004).

Relative water content and water potential

Different conservation practices significantly
affected the soil hydrological properties which
modified relative water content (RWC) in crops.

Fig. 4. Biomass under different conservation practices along with conventional treatment in wheat during crop
growing season

Fig. 5. Leaf area under different conservation practices along with conventional treatment in wheat during crop
growing season
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RWC was measured at different days after sowing
in the plant grown under different conservation
practices during rabi season. Result showed that
maximum relative water content was found under
PBB+R treatment followed by ZT+R.Increase in
wheat RWC value was 6-13% under PBB+R, 5-
10% under ZT+R, 5-7% under ZT, 4-6% under
PBB treatment (Fig. 6).

Water potential is widely used to quantify the
water deficits in leaf tissues, it measures the
energetic status of water inside the leaf cells. This
showed that due to deteoriated soil condition in
conventional treatment plants are in more stress
than the plant grown under other conservation
treatments. Lowest water potential was found
under PNB treatment. Increase in water potential
of wheat as compare to CT was around 3.6-9%

under PBB, 7-11% under ZT, 8.6- 11.6% under
ZT+R, 10-12.3% under PBB+R (Fig. 7).

Chlorophyll content and plant height

Chlorophyll content changed under different
tillage practices. Highest chlorophyll contents in
wheat under pigeon pea-wheat cropping system
were found under PBB+R treatment (8-15%),
ZT+R 5-11%, ZT FB 3-6%, while PBB had 1-5%
more chlorophyll content as compared to CT
treatment (Fig. 8). Lowest chlorophyll content
found under PNB treatment. Boomsma et al.
(2010) who stated that zero tillage maize grown
may up took the nitrogen and water up to 40 cm
depth, which increased chlorophyll contents and
thus causing more protein contents.

Fig. 6. Relative water content under different conservation practices along with conventional treatment in wheat
during crop growing season

Fig. 7. Water potential under different conservation practices along with conventional treatment in wheat during
crop growing season
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Tillage treatments had significant impact on
plant height, maximum plant height under ZT
BB+R treatment found. In wheat crop, under
PBB+R treatment, increase in plant height was
23-36% ,21-32% under ZT+R, 14-21% under ZT,
13-16.5% under PBB, 6.53-11 % under PNB+R
as compared to CT treatment which had minimum
height (Fig. 9). This could be attributed to lesser
soil compaction and better soil aeration especially
in early growth period and more uniform
distribution of nutrients in soil profile (Bennie
and Botha, 1986). Pervaiz et al. (2009) also
reported that maize grew taller under greater
mulch levels because of availability of more soil
moisture contents for plant growth.

Yield

Yield of wheat under different conservation
practices with conventional treatment shown in
table. ZT BB+R had maximum yield (5408±578
kg/ hac). PBB had 9%, ZT had 12%, ZT+R had
15.6%, PBB+R had 19.3% more yield as
compared to CT treatment (Table 1). No-tillage
and crop residues retention on soil surface
enhanced the organic matter in cultivated soil (Lal
et al., 2003; Dalal and Chan, 2001; Heen and
Chan, 1992) and was more beneficial for dry land
crop production (Baumhardt and Jones, 2002)
because of moisture conservation (Lampurlanes
et al., 2001).

Fig. 8. Chlorophyll content under different conservation practices along with conventional treatment in wheat
during crop growing season

Fig. 9. Plant height under different conservation practices along with conventional treatment in wheat during
crop growing season
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Conclusion

From the study it was observed that for wheat
crop among all the conservation treatments zero
tilled permanent broad bed plus residue (PBB+R)
was better than other treatments followed by zero
tillage broad bed (PBB), zero tilled flat bed plus
residue (ZT+R), zero tillage flat bed (ZT), zero
tilled permanent narrow bed plus residue (PNB+
R), zero tilled permanent narrow bed (PNB),
conventional tillage (CT) system. CA methods
provide positive results when combined with
fertility improvements, such as micro dosing with
N from organic and/or inorganic sources or with
mulching. While yield increases under CA can be
substantial, they depend on local conditions and
weather, with considerable year-to-year variation
in yield benefits. CA offers the promise of a
locally adapted, low-external-input agricultural
strategy that can be adopted by resource-
constrained farming communities, as well as by
those with access to different levels of
mechanization and external inputs.
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