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Tillage practices involve physical manipulation of
soil for crop establishment. Optimization oftillage practices
under a particular environment enhances soil
health.Conventional crop production technologies are not
much cost effective, less water efficient and deteriorates soil
health (Parihar etal., 2016). Most of these impeding factors
can be substantially mitigated by adopting conservation
tillage practices in place of conventional tillage practices as
conservation agriculture minimizes the soil disturbance,
provide soil cover through crop residues, mulch or cover
crops, and crop rotations for attaining higher productivity
and minimizing adverse environmental impacts. Nitrogenous
fertilizer is one of the most important inputs for wheat crop
growth (Pradhan et al., 2014a).Tillage, residue and N
fertilization also affect nitrate-N concentration, water
content, aeration and SOC (Rice and Smith, 1982; McKenny
etal., 1993). Tillage practices modifies soil environment,
which influences root and shoot growth and crop yield. The
above ground shoot growth is governed by radiation
interception and radiation use efficiency. Radiation
interception is influenced by leaf area index and leaf
angle.Many workers have reported the effects of tillage,
residue and nitrogen on soil physical, chemical and biological
properties vis-a-vis crop growth (Parihar ef al., 2016).
However, studies on the effect oftillage, residue and nitrogen
on radiation interception and radiation use efficiency of
wheat is very limited. Keeping these in view, the objectives
of this study were to determine the interactive effect of
tillage, residue and nitrogen on (a) temporal variationin LAI
and (b) total IPAR, biomass yield, extinction coefficient (k)
and radiation use efficiency of wheat in a semi-arid location
of India.

A field experiment was conducted during the winter
(Rabi) season of 2014-15 at the research farm of ICAR-
Indian Agricultural Research Institute (78°89°E, 28°37°N
and 228.7 m above sea level), New Delhi, India to study the
effect of tillage, residue and nitrogen management on

radiation interception and radiation use efficiency of
wheat.The area comesunder semi-arid subtropical climatic
belt. The mean annual rainfall isabout 774 mm, of which 84
per cent is received during monsoon periods of June to
September. The soil is sandy loam (TypicHaplustept) with
medium to angular blocky structure, non-calcareous and
slightly alkaline in reaction.

The treatments comprised of two levels of tillage as
main plot factor [conventional tillage (CT) and no tillage
(NT)], two levels of residue as sub plot factor [maize residue
@ Stha' (M1) and without residue (M0)], and three levels
of nitrogen as sub-sub plot factors [60, 120 and 180 kg
ha!, representing 50 per cent (N60), 100 per cent (N120)
and 150 per cent (N180) of the recommended dose of
nitrogen for wheat, respectively] were evaluated in a split-
split plot design with three replications. The sub sub-plot
sizewas 4.5 m x 5 m. Wheat crop (cv. HD 2967) was sown
on 16" November in2014 bya tractor drawn no-till seed drill
at a depth of 5 cm with a row spacing of 22.5 cm and seed
rate of 100 kg ha'. The wheat crop was harvested on
17" April 2015. Maize residue was applied manually at the
rate of 5 tha'in M1 treatment after CRI stage. Nitrogen was
supplied asurea in three splitsi.e., 50 per cent at sowing, 25
per cent at CRI stage and rest 25 per cent at flowering stage.
All the plots received a uniform dose of 60 kg PO,
ha' as single super phosphate and 60 kg K O ha' as muriate
of potash applied as basal dose at sowing. All the plots
received five irrigations at critical growth stagesi.e., CRI,
tillering, jointing, flowering and milk stage.

Leafarea index (LAI) was measured atregular intervals
using a plant canopy analyzer (LAI-2000, LI- COR, Lincoln,
NE, USA). Both incoming and transmitted
photosynthetically active radiation (PAR) values were
measured periodically at the top and bottom of the wheat
canopy throughout the season using line quantum sensor
LI-191SA (LICOR Inc., Lincoln, NE, USA). The fraction
intercepted PAR (fIPAR) was calculated as (Monteith, 1981):
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Fig.1: Temporal variationin LAl of wheat undertillage (a),
crop residue mulch (b) and nitrogen (c) treatments

JIPAR= (I -1)/I . The isincident PAR atthe top of canopy
and [ is the transmitted PAR atthe bottom of the canopy. The
canopy fIPAR and LAI were related by the relationship:

FIPAR = 1-2 74D where, £ is the canopy radiation

extinction coefficientand LAl isthe leafareaindex. The &
was determined with least-square regression by calculating
the slope of the relationship between In (1-fTPAR) and LAI
with intercept set to zero (Robertson et al., 2001). The total
IPAR (TIPAR) and RUE was calculated as the procedure
outlined Pradhan etal. (2014b, 2018).The grain and above
ground biomass yield was recorded as per the standard
procedure.The data were statistically analyzed using analysis
ofvariance (ANOVA)as applicableto split-plotdesign (Gomez
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and Gomez, 1984). Regression analyses were performed
using the data analysis tool pack of MS Excel (2007).

The temporal variationin LAl of wheatunder different
tillage, crop residue mulch and nitrogen treatments are
presented inFig. 1. The peak value of LAl coincides with the
booting to flowering stage of wheat. The increase in LAl is
attributed to foliage expansion because of development of
new leaves and enlargement of existing leaves (Mandal et
al., 2005). The decrease in LAI during later part of crop
growthisascribedto leafsenescence (Pradhan et al., 2013).
The LAI of wheat was not significantly affected by tillage
and crop residue mulch treatment. However, nitrogen
treatment significantly affected LAI of wheat from 76 days
aftersowing (late tillering) till harvesting. There was increase
in LAI with the increase in N dose but there was no significant
difference between 120 and 180 kg N ha'.The temporal
variation in fIPAR followed the trend similar to that of LAI
(datanot given).The variation in lightextinction coefficients
(k) of wheat among different tillage, crop residue mulch and
nitrogen treatments are presented in Table 1. The & value
ranged between 0.34 in NTM1NG60 treatment to 0.57 in
NTMON180 treatment with a mean value of 0.44. Averaged
over tillage and residue management, the & value of wheat
due to CT and NT treatments were numerically same.
However, the £ value in no residue treatment (M0) was 6 per
cent higher compared to crop residue mulch treatment (M1).
The N180 treatment registered 17 and 27 per cent higher £
value compared to N60 and N120 treatments, respectively.
Itindicated that with the decrease innitrogen levels, the leaf
becomes erectresulting in better penetration of PAR into the
canopy and lower fIPAR and RUE (Bassu et al., 2011).

The grain yield of wheat was not significantly affected
bytillage and crop residue mulch treatment. However, the
nitrogen treatment significantly influenced the grain yield
of wheat (Table 1). N180 and N120 registered respectively,
26 and 19 per cent higher (P<0.05) grain yield compared to
N60 treatment.However, the N180 and N120 treatments
were statistically at par. Similar to grain yield, the biomass
yield of wheat was not significantly affected by tillage and
crop residue mulch treatment, but nitrogen levels
significantly affected the biomass yield of wheat. The N180
and N120 treatments registered respectively, 38 and 33 per
cent higher (P<0.05) biomass yield compared to N60
treatment.Increased grain and biomass yield of wheat with
increased nitrogen rate might have resulted from increased
LAI, green spikes area and crop duration with greenness
(Pradhanetal., 2014c). The non-significant effect of tillage
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Table 1:Total intercepted photosynthetically active radiation (TIPAR), grain yield, above ground biomass and radiation use

efficiency (RUE) of wheat for different tillage, residues and nitrogen levels

TIPAR Grainyield Above ground RUE Light extinction

(MJm™) (kgha') biomass (kg ha') (gMJ) coefficient (k)

CT 470 4439 11106 2.39 0.44
NT 467 4125 10633 2.32 0.44
CD (0.05) NS NS NS NS -
MO 463 4319 10649 2.32 0.45
M1 474 4245 11090 2.39 0.43
CD (0.05) NS NS NS NS -
N60 405 3727 8800 2.22 0.39
N120 476 4429 11672 2.50 0.43
N180 524 4691 12137 2.34 0.50
CD (0.05) 71 446 1517 NS -

treatment (CT and NT) on grain and biomass yield of wheat
canbe ascribed to the similar hydrophysical environment in
NT and CT in the initial years of imposition of tillage
treatments (two years old).

Similarto grain and above ground biomassyield, the
TIPAR was not affected by the tillage and crop residue mulch
treatment. The N180 treatment registered 29 per cent higher
(P<0.05) TIPAR compared to N60 treatment. However, N120
and N180, and N60 and N120 treatments were statistically
atpar withrespect to TIPAR. The higher TIPAR with increased
nitrogen levelsis attributed to higher LAl resulting in higher
interception of photosynthetically active radiation (Pradhan
et al., 2014a). The RUE was not-significantly (P<0.05)
affected by tillage, residue and nitrogen treatments under
this study. It could be attributed to the fact that increase in
biomass was associated with the increase in TIPAR which is
evident from the significant and positive correlation between
TIPAR and above ground biomass (r=0.93*%*).

From this study it may be concluded that there was
improvement in the LAI of wheat with the increase in
nitrogen level but the effect of tillage and residue was not
significant on the LAI. The total intercepted
photosynthetically active radiation was not influenced by
tillage and residue treatments but increased with N levels.
Grain and biomass yield of wheat were not significantly
affected by tillage and residue treatments but increased
significantlywith Nlevels. However, there was no significant
difference between 120 and 180 kg Nha™' with respect to
grain and biomass yield of wheat. The radiation use efficiency
of wheat was not significantlyaffected by tillage, residues

and nitrogen treatments. So wheat may be grown with the
recommendeddose of N (120 kg Nha ') under No tillage with
residue retention to obtain higher grain yield, radiation
interception and radiation use efficiency under irrigated
condition in the semiarid climate of the Indo-Gangetic plain
region.

REFERENCES

Bassu, S., Giunta, F. and Motzo, R. (2011). Effects of sowing
date and cultivar on radiation use efficiency in durum
wheat. Crop Pasture Sci., 62: 39-47.

Gomez, K. A.and Gomez,A. A.(1984). Statistical Procedures for
Agricultural Research. JohnWilleyand Sons, New York.

Mandal, K. G., Hati, K. M., Misra, A. K., Bandyopadhyay, K. K.,
and Mohanty, M. (2005). Irrigation and Nutrient Effects
on Growth and Water—Yield Relationship of Wheat
(Triticum aestivum L.) in Central India. J.Agron. Crop
Sci., 191: 416-425.

McKenny, D.J., Wang, S.W., Drury, C.F. and Findlay, W.I.
(1993). Denitrification and Mineralization in soil
amended with legume, grass and corn cropresidues. Soi/
Sci. Soc. Am. Proc., 46:1168-1173.

Monteith, J. L. (1981). Climatic variations and growth of crops.
Quar. J. Royal Meteo. Soc., 107: 749-774.

Parihar, C.M., Yadav, M.R ., Jat, S.L., Singh, A.K., Kumar, B.,
Pradhan, S., Chakraborty, D., Jat, M.L., Jat, R K.,
Saharawat, Y.S. and Yadav, O.P. (2016). Long term
effects of maize rotations on total organic carbon,
physical and biological properties of a sandy loam soil



152 Effect of tillage, residue and nitrogen management on radiation use efficiency of wheat

in north-western Indo-Gangetic plains. Soil Till. Res.,
161: 116-128.

Pradhan, S., Chopra, U.K., Bandyopadhyay, K.K., Krishnan,
P.,Singh, R. and Jain, A K. (2013). Soil water dynamics,
root growth and water and nitrogen use efficiency of
rainfed maize (Zea mays) in a semi arid environment.
Indian J. Agric. Sci.,83: 542-548.

Pradhan, S., Bandyopadhyay, K.K., Sahoo, R.N., Sehgal, V.K.,
Singh, R., Gupta, V.K. andJoshi, D.K. (2014a). Predicting
wheat grain and biomassyield using canopy reflectance
ofbootingstage. J. Indian Soc. Remote Sensing, 42:711-
718.

Pradhan, S., Sehgal, VK., Das,D.K., Jain,A.K., Bandyopadhyay;,
K.K., Singh, R. and Sharma, P.K. (2014b). Effect of
weather on seed yield and radiation and water use
efficiency of mustard cultivarsin asemi-arid environment.
Agric. Water Manage., 59(2): 267-275.

June 2018

Pradhan, S., Sehgal, V.K., Sahoo, R.N., Bandyopadhyay, K.K.
and Singh, R. (2014c). Yield, water, radiation and nitrogen
use efficiencies of wheat (Triticum aestivum) as
influenced bynitrogen levels in asemi-arid environment.
Indian J. Agron., 59(2): 267-275.

Pradhan, S., Sehgal, V.K., Sahoo, R.N., Bandyopadhyay, K.K.,
Singh, R. and Sharma, P.K. (2018). Yield, water and
radiation use efficiency of wheat as influenced by
irrigation levels in a semi-arid environment. J.
Agrometeorol., 20(Special Issue-1): 31-36.

Rice, C.W.and Smith, M.S. (1982). Denitrification inno-till and
plowed soils. Soil Sci. Soc. Am. Proc., 46:1168-1173.

Robertson, M. J., Slim, S., Chauhan, Y. S. and Ranganathan, R.
(2001). Predicting growth and development of pigeon
pea, biomass accumulation and partitioning. Field Crops
Res., 70: 89-100.

Received : September 2017; Accepted: March 2018





