Canola yield and water productivity as affected by irrigation, tillage and
nitrogen levels in northwest India

ABSTRACT
Depleting ground water resources calls for the need of diversification to low water requiring crops and
adoption of water saving techniques. To evaluate individual and interactive effects of deep tillage,
irrigation and nitrogen rates on yield and water productivity of canola (Brassica napus). Treatments
included combinations of two tillage systems viz; deep tillage (DT) and conventional tillage (CT), with
three irrigation regimes viz; no (lp), one (l;) and two irrigations (I;) in main plots and four nitrogen rates
viz; 0 (Np), 50 (Nso), 75 (N75) and 100 (N100) kg ha™* in sub plots with three replications. Maximum rooting
depth was observed with irrigation and 100 kg N ha™. Root mass density in upper 60 cm soil depth was
higher under irrigated plots whereas below 60 cm, it was higher under lo. Higher root density was
recorded under DT and Ny plots. Dry matter accumulation significantly increased with irrigation, tillage
and N application. Seed yield significantly increased under DT (10%) and I, (26.2% over ;) treatment.
Water productivity improved with DT and N1go. Oil yield and N uptake increased under DTI,Nyo0. Higher
nitrogen rates at low irrigation frequency resulted in yield similar to low nitrogen rates at higher irrigation
frequency. While yield produced under DT with one post sowing irrigation was equivalent to that
produced under CT with two irrigations. The results suggest the saving of irrigation water and yield
optimisation with high N rate and deep tillage in canola.
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Introduction

Due to high productivity and profitability, rice-wheat (R-W) cropping system is dominant
in the alluvial tract of Indo-gangetic plains. High water demand and low water productivity of
conventional irrigated R-W system has led to the depletion of surface and ground waters. Hence,
it calls for diversification to low water requiring crops and implementation of water saving
techniques. Oilseed rape provides management options for irrigators seeking to reduce irrigation
requirements and diversification and/or to reduce input costs due to low water requirements (25—
35 cm, Rathore et al 2017). India is the world’s largest importer of edible oils (FAO 2019).
Improvement in yield with the judicious utilization of available resources is required to meet the
country’s demand. Development, water use and yield of oilseed crops are inter-related. An
encouraging effect of irrigating rapeseed mustard at critical stages has been observed (Konwar et
al. 2019). However, frequent irrigation though sometimes is necessary for yield maximization
but it usually lowers the water use efficiency because soil moisture is lost through evaporation
from moist soil surface, thus increasing consumptive use (Shivran et al. 2018). An efficient
irrigation water management in brassica can affect seed and oil content enormously and also the

response to other applied inputs (Rathore et al. 2019). Therefore, there is a need to make proper



irrigation scheduling which will provide irrigation at critical growth stages matching the crop
evapotranspiration (Kar et al. 2005).

Canola is considered as nutrient exhaustive crop with higher nitrogen (N) requirement
than cereals and removes a higher amount of nitrogen until flowering with the relatively lower
amount taken during reproductive phase (Rathke et al. 2005). The seed yield in canola depicts
positive response to increasing rates of fertilizer N (White et al. 2015; Ma and Herath 2016) as
high as 180 kg N ha™' (Brandt et al. 2002). But excessive use of N fertilizers may promote
vegetative growth in the plant at the expense of reproductive growth along with environmental
pollution (Akmal et al. 2014) and lower nitrogen use efficiency (Chamoro et al. 2002). Water
and nitrogen exhibit interaction effects on rapeseed-mustard growth and yield (Mandal et al.
2010) and their economic analysis is helpful to enhance water and N use efficiency. Thus, it calls
for optimization of nitrogen application with an appropriate irrigation schedule to meet the crop
necessities and higher yield.Coarse-textured soils show low water holding capacity, poor fertility
and rapid development of mechanical resistance to roots leading to nutrient and water stress in
growing crops. The degree and duration of nutrient and water stress can be reduced by
synchronizing the active root zone with a soil zone containing nutrients and water. Tillage is the
practice for managing water content (Sharma et al. 1990) and control the hydrothermal regime of
soil in the root zone (Moroizumi and Horino 2002) through its effects on the shape, size and
continuity of soil pores. Deep tillage lowers the mechanical resistance, thus favouring root
growth (Arora et al. 2011). Several studies have shown the benefits of deep tillage, irrigation and
nitrogen fertilizer as individual factors and little information is available on the interactive
effects of these three factors especially on canola crop. It was hypothesized that interaction of
irrigation, tillage and nitrogen may lead to better resource use efficiency along with yield. Thus,
the present study was carried out with objective to evaluate the individual as well as interactive
effects of irrigation regimes, tillage and nitrogen rates on yield and water productivity of canola.
Materials and methods
Site description

A multi-factor study was conducted at the Punjab Agricultural University; Ludhiana
situated at 30°54’ N latitude and 75°48' E longitude at a height of 247 m above mean sea level
during 2017-19 rabi seasons. Important soil physical and chemical properties and weather

information of the experimental site are given in Table 1 and Table 2, respectively. Total rainfall



during the two growing seasons was 76.0mm (2017-18) and 171.6mm (2018-19). Pan
evaporation during cropping season was less than the normal during both the years. Mean
maximum air temperature varied between 18.5-35.8'C during different growing seasons as
against the normal values of 18.2-34.4°C; while mean minimum temperature varied from 5.5-
19.9°C compared to the normal value of 5.6-17.1°C, respectively.
Treatments

Combinations of irrigation regimes and tillage systems as main plots and nitrogen rates as
subplots were evaluated in a factorial split-plot design with three replications during two year
extensive field trials. Tillage included conventional tillage (CT) - two discs, two cultivators
followed by planking operation and deep tillage (DT) - sub-soiling/chiseling ploughed up to 45
cm deep and 50 cm apart followed by CT. Irrigation regimes comprised of no post sowing
irrigation (lo), one irrigation (l1); at 4 weeks after sowing (WAS) and two irrigations (I,); one at 4
WAS and second in December end or first week of January. Four different N fertilizer rates viz.,
0 (No), 50 (Nso), 75 (Nys) and 100 kg ha™ (N1o) were applied to canola crop. The gross plot size
and the net plot size were 3.9 x 3.3 m? and 3.6 x 3.0 m? respectively. The experiment was
conducted on the same location and treatments were imposed on same plots in both the years of
study.
Crop management

After harvest of preceding maize crop, the field with DT plots were deep tilled (sub-
soiled) with tractor drawn chiseler in the first week of October and then, the whole field was
ploughed twice with a disc harrow. Heavy pre-sowing irrigation (about 10 cm) was applied to
ensure adequate moisture in the soil profile for seed germination. The field was then prepared by
giving two cultivations with a tractor drawn cultivator followed by planking at proper moisture
condition to obtain a fine seed bed. Canola (GSC 7) was sown with seed rate of 3.75 kg ha™ and
row spacing of 0.45 m in 4™ and 3" week of October 2017 and 2018, respectively. The whole
amount of phosphorus (30 kg P,Os ha™ as single super phosphate) and potassium (15 kg K,O ha
! as muriate of potash) was applied at sowing. In plots with Iy irrigation regime, the full dose of
nitrogen fertilizer (as urea) was applied at the time of sowing as per treatment while in plots with
other irrigation regimes, 50 per cent of N as per treatment was applied at sowing and remaining
dose of N was applied prior to first irrigation. In Ng plots, no nitrogen was applied. First

irrigation was applied in I; and I, irrigation regimes on December 2, 2017 and November 16,



2018 growing seasons, respectively. In I, regime, second irrigation was applied on December 27,
2017 and January 11, 2019. Parshall flume was used to apply 70 mm of water as flood irrigation.
Extra plants were uprooted manually to maintain plant to plant spacing of 0.1-0.12 m within row.
Weeds were controlled by hand weeding. and the crop was protected against hairy and cabbage
caterpillar by spraying rogor 30 EC @ 1.0 kg ha . Pesticide Actara 25 WG @ 0.1 kg ha in 250
liters of water was sprayed for the control of aphid. The crop was harvested manually in the first
week of April.

Measurements

Soil penetration resistance expressed as cone index (CI) was measured with a digital cone
penetrometer (CP4011; Rimik Electronics, RFM Australia) down to 0.60 m depth from different
sites in CT and DT plots. Determining root growth and root mass density (RMD), soil cores
were sampled at flowering stage at 0.15 m depth increments down to 1.80 m soil depth with 0.05
m diameter auger centered at 0.075 m away from plant base (Gajri et al. 1994). Roots from each
sample were washed in net cloth, cleaned, dried at 65°C and weighed. Dry matter accumulation
(DMA) was recorded at 60, 110 and 145 DAS from 0.5 m row length from the second outermost
row on either side of each plot. The samples were air dried first and later in an oven at 65+2'C
till constant weight. The data of DMA was computed and expressed in t ha™. Total water use
based on irrigation water, rainfall and profile water use was computed during both cropping
seasons. Water productivity of canola was calculated as ratio of seed yield to total water use.
Seed and stover yield was calculated from area of 6.75 m? per plot. N content was determined by
modified micro-Kjeldahl method (Piper 1966) and total N uptake was worked out by multiplying
percent N content and yield. Oil yield was calculated by multiplying the oil content (determined
by NMR Analyser) in the seed sample of each treatment with its respective seed yield and
expressed in t ha™.

Treatment effects on various parameters were tested for their statistical significance using
ANOVA for a factorial split-plot design and comparisons were made at 5% level of significance.
Analysis of variance was carried out for various parameters using computer programme CPCS 1
(Cheema and Singh 1991).

Results
Soil penetration resistance

Deep tillage caused a reduction in penetration resistance of soil in the tilled zone and



down below (Figure 1). The mean cone index in DT plots and CT plots was 0.4 and 0.6, 1.4
(2.0), 1.6 (2.7), 2.0 (3.0), 2.8 (3.2) and 3.2 (3.2) MPa in 0-0.1, 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5
and 0.5-0.6 m of soil depth, respectively.
Rooting depth and density

Roots in canola plants extended up to 1.8 m depth in irrigated plots; while limiting to 1.5
m in |y plots. Rooting depth increased with an increase in nitrogen dose as in lp plots, Nig and
N7s application forced roots down to 1.5 m deep against 1.2 m obtained in Nsp and No. Likewise
in I; plots, roots were obtained up to 1.5 m depth under No however with the application of N
fertilizer, roots in canola plants extended to 1.8 m. Tillage, irrigation and nitrogen had substantial
effects on root proliferation in both the seasons. Root mass density (RMD) was higher in DT as
compared to CT irrespective of the irrigation regimes during both years (Figure 2 and 3).
Differences in RMD of DT and CT in the top 0.3 m soil depth was minimal; thereafter difference
increased with maximum in 0.6 to 0.9 m soil layer and became almost equal in layers below 1.2
m. This ensured water and nutrient uptake by the root in deep tilled soil. Under different
irrigation regimes, the surface layer (0-0.15 m) possessed higher root mass density during both
the years (Figure 2 and 3). Root mass density increased with an increase in irrigation frequency
up to 0.6 m soil layer. While with increase in soil depth from 0.6 m in 10 revealed 2.8% and
5.4% higher RMD in comparison to both I, and I, respectively. Fertilizer N application also
affected RMD with the higher impact of 100 kg N ha™ as compared to lower N doses in all
irrigation regimes (Figure 2 and 3). Increasing the soil depth eventually led to minimal difference
in RMD when assessed with varied N doses where highest difference in the root density was
noticed in the surface soil layer (0-0.15 m).
Dry matter accumulation

Increase in irrigation frequency resulted in higher dry matter production (Table 3) at
different crop growth stages. Two irrigations produced significantly high dry matter by 0.39 and
2.00 t ha™* over one irrigation and 1.35 and 3.78 t ha™ over no irrigation, respectively, at 110 and
145 DAS. Tillage exerted a significant effect on dry matter accumulation of canola crop at all
growth stages except 60 DAS. Application of nitrogen also improved DMA significantly at all
growth stages. At 145 DAS, N100 treatment resulted in an increase in dry matter by 3.34 t ha™
over No.

Seed and stover yield



The individual effects of irrigation, tillage and nitrogen rates on seed yield of canola were
substantial in both cropping seasons but interaction was found non-significant (Table 4). Seed
yield recorded during second rabi season (2018-19; 1.59 t ha™*) was higher than that observed
during first season (2017-18; 1.36 t ha) attributed to favorable weather conditions. Averaged
over both seasons, two irrigations recorded 10.8 and 26% higher mean seed yield than one
irrigation (1.48 t ha™) and no post sowing irrigation (1.30 t ha™), respectively. Deep tilled plots
registered a mean increase of 10% in seed yield over CT. Increase in N fertilizer dose resulted in
significant improvement in seed yield in canola with mean yield varying from 1.04-1.81 t ha™.
Though the interactive effect of factors was non-significant but numerical data showed that deep
tillage with one irrigation (2.04 t ha™*) produced at par yield to conventional tillage with two
irrigations (2.02 t ha™) in Nigo regime in 2018-19. In conventionally tilled plots, two irrigations
with 75 kg N ha™ (1.83 t ha™) gave comparable yield to one irrigation with 100 kg N ha™ (1.88 t
ha™), thus saving either irrigation or N fertilizer. Similar results were obtained in plants with
deep tillage.

Stover yield followed the similar trend as seed yield (Table 4). Mean increase by 14%
and 9.1% was observed with increase in irrigation frequency from lg to I; and Iy to Iy,
respectively. On an average, stover yield of 5.76 t ha™ was obtained with deep tillage which was
significantly higher than conventional tillage (5.32 t ha™). Fertilizer N treatment N1go resulted in
highest stover yield (6.69 t ha™) followed by N5 (6.07 t ha™), Nso (5.43 t ha™') and No (3.98 t ha’
1).

Total water use (TWU) and water productivity (WP)

Total water use was higher in second rabi season (2018-19) owing to higher rainfall
during the cropping season (Table 5). Total water use increased with increase in irrigation
frequency as well as N dose. Deep tilled plots recorded 2.4% higher TWU against conventionally
tilled plots. During 2018-19 cropping season, tillage influenced irrigation and N effects on total
water use by the crop (Table 5). The results suggested that two irrigations alone enhanced water
use by 103 mm over 298 mm in IgNo, while 100 kg N ha™ increased it by 11 mm, and their
combinations increased water use by 120 mm under CT plots. A corresponding increase in water
use with these treatments in DT was 111, 25 and 131 mm over 308 mm in IoNo. This implies that
deep tillage enhanced the irrigation and N effects on total water use. Water productivity was also

significantly affected by irrigation, tillage and N fertilizer (Table 5). WP declined with the



number of irrigations during both the cropping seasons. A reduction of 11% was observed in
water productivity with two irrigations as compared to no irrigation. Deep tillage resulted in 4.49
kg ha' mm™ of WP which was higher than conventional tillage by 7.2 percent. Nitrogen
application influenced WP positively with highest value obtained with Nigo treatment.
Total N uptake

Superior total N uptake was obtained during second growng season (81.6 kg ha™) as
compared to the first season (79.0 kg ha') (Table 6). Two irrigations (I2)resulted in a
significantly higher mean total N uptake of 85.3 kg ha™ as compared to 11 (81.0 kg ha™) and 10
(74.6 kg ha). Deep tilled plots resulted in an increment of 13.3 % in total N uptake of canola
plants in contrast to conventionally tilled plots. The maximum value of total N uptake was
recorded under Nigo treatment (105.6 kg ha™) followed by N5 (89.4 kg ha™), Nso (75.6 kg ha™)
and Ny (50.6 kg ha®). The interactive effect showed that total N uptake recorded under DTNsg
treatment was statistically at par to that under CTNzs treatment.
Oil yield

Irrigation frequency increased oil yield with maximum mean value with two irrigations
(0.67 t ha™*) followed by one irrigation (0.61 t ha™) and no irrigation (0.53 t ha*) (Table 6). Deep
tillage resulted in a significantly higher oil yield by 10.5 % than conventional tillage (0.57 t ha’
1. Oil yield significantly increased with successive increments of N doses up to N1go.
Discussion
Effects of Tillage on soil penetration resistance

When compared to conventional tillage, deep tillage resulted in a significant reduction in
soil mechanical resistance in loamy sand and sandy loam soils under soybeans (Arora et al.
2011). This reduction in soil mechanical resistance is attributed to soil loosening associated with
tillage. Kaur and Arora (2019) also reported that the mean cone index (CI) was 0.6, 1.4, 2.7 MPa
in DT plots against 1.4, 3.0 and 3.4 MPa in CT plots for 0-0.2, 0.2-0.4 and 0.4-0.6 m soil depth
in maize crop indicating that DT reduced soil penetration resistance.
Effects of tillage, irrigation and N levels on root growth

Root growth is determined by both plant genetics and soil parameters, and it is highly
adaptable to changing environmental conditions (Hodge 2006; Lynch 2011). Higher RMD under
DT plots in deeper layers may be attributed to lower soil penetration resistance (Figure 1) by

deep ploughing. These results demonstrated that sub-soiling reduces the root distribution at the



surface soil and promotes root growth in the deeper layer, thus alleviating root crowding and
competition in the topsoil while promoting root growth in the deeper soil layer to improve water
and nutrient utilization. These findings are consistent with the studies of Sun et al. (2017) and
Kaur and Arora (2019) in maize. Caia et al. (2014) also reported that loosening of subsoil layer
with deep tillage up to 0.5 m, increased root length, surface area, dry weight, diameter and the
proportion of roots in the 0.4-0.8 m soil layer.

Our results endorse earlier reports on root responses of Brassica species to irrigation (Chandra et
al. 2018). Under restricted irrigation, relatively drier upper soil profile might causes roots to
penetrate in soil faster to lower depths in search of moisture; thus increasing root density in
deeper layers (Sarkar and Kar 2000).

The N fertilizer application rate is one of the fundamental components of crop management
systems that can regulate the root distribution and certain root traits. An increase in rooting
density with increase in N-levels might be due to favorable effect of nitrogen on above-ground
plant biomass (Table 3) that also encouraged root growth. Results endorse the findings of
Marcinkevic¢iené et al. (2013), significantly higher root biomass of rape in 0-0.1 m soil layer with
mineral fertilization than no fertilization. Plant roots develop more intensively in the upper soil
layer with fertilizer application while penetrate deeper without fertilization to contact more soil
volume in attempt to increase N uptake. Increased root growth with incremented N rates was also
reported by Beard et al. (2018).

Effects of tillage, irrigation and N levels on DMA and yield

Mishra et al. (2019) also recorded the highest DMA with three irrigations followed by two, one
and lowest under no irrigation in mustard. Budzynski et al. (2000) also reported higher dry
matter accumulation under deep tillage. Sub soil tillage to 0.3-0.45 m soil layer improves soil
physical behavior and reduces soil mechanical resistance to root penetration. Importantly, the
above-ground stability of plant is enhanced by a well-developed root system (Qamar et al. 2013).
Sharma et al. (2007) observed an increase in dry matter production of mustard with the increase
in nitrogen rate and highest DMA was recorded at 80 kg N ha™. This might be due to higher
photosynthesis and translocation of assimilates toward reproductive structure owing to adequate
soil moisture. The results were in conformity with Ray et al. (2015) and Shivran et al. (2018).
Deep tillage provided better root growth and moisture extraction that helped the crop to initially

develop adequate source (as reflected by high above-ground biomass) as compared to CT. Deep



ploughing significantly increased seed yield of mustard over conventional tillage (Pal and Phogat
2005). Our results corroborate with the findings of Ali et al. (2019) in canola. This increase is
attributed to enhanced availability of moisture which led to a better nutritional environment at
the critical crop growth stages, which in turn resulted in better vegetative growth. These results
endorse the findings of Konwar et al. (2019). The increase for stover yield in mustard was 30.3%
and 49.4% by 80 kg N ha™ over 40 kg N ha™ and control, respectively (Kumar et al. 2018).
Tyagi and Upadhyay (2017) concluded that irrigation frequency increased the consumptive water
use considerably; 33.1% and 8.3% increase over no-post sowing irrigation with two and one
irrigation, respectively. This was expected because irrigation increased the available water in the
soil profile and this facilitated more loss of water through evapotranspiration as compared to no
irrigation. Similar results were reported by Konwar et al. (2019).

Effects of tillage, irrigation and N levels on TWU and Water Productivity

Tyagi and Upadhyay (2017) concluded that irrigation frequency increased the
consumptive water use (CU) considerably; 33.1% and 8.34% increase over no-post sowing
irrigation with two and one irrigation, respectively. This was expected because irrigation
increased the available water in the soil profile and this facilitated more loss of water through
evapotranspiration as compared to no irrigation. Similar results were reported by Konwar et al.
(2019). This implies that deep tillage enhanced the irrigation and N effects on total water use.
The results were in conformity with the findings of Kaur and Arora (2019).

A decrease in WP with the successive increase in the number of irrigations is due to the
greater expense of water by evapo-transpiration without a proportionate increase in seed yield.
While, under one irrigation, the crop developed a deep root system and utilized some moisture
from deeper soil layers than frequent irrigation and achieved higher yield per unit of water which
in turn resulted in higher water productivity. Tyagi and Upadhyay (2017) recorded significantly
higher WP with the application of one irrigation followed by 2 irrigations and no-post sowing
irrigation. Tao et al. (2015) reported that sub soil tillage in spring maize significantly increased
mean WPgr by 14 percent on a sandy loam soil in China. Similar results were also reported by
Kaur and Arora (2019). At a specific irrigation level, greater evapotranspiration in fertilized plots
was primarily associated with stimulating crop growth and increased DMA with greater
interception of solar radiation (Mandal and Sinha 2004) as well as increased root biomass. Thus,

nutrient application positively influenced WP. The greater increase in seed yield in N3gg, N75 and



Nso over No and relatively less increase of the corresponding ET have evidently resulted in
significantly higher WP, particularly in the case of application of the highest N rate (100 kg N
ha).
Effects of tillage, irrigation and N levels on total N uptake and oil yield
Rajput (2017) reported that the highest total nitrogen uptake by Indian mustard was observed
with 120 kg N ha™, which was significantly superior over 0, 40 and 80 kg N ha™. Pal et al.
(2009) concluded that the oil yield of mustard can be increased by 41 percent with deep
ploughing as compared to conventional tillage. These results endorse early reports of N effects
on oil yield in canola (Sukirtee et al. 2018).
Conclusion
This study demonstrated that two irrigation and higher nitrogen rate (100 kg N ha™) along
with deep tillage significantly increased the growth, yield and nitrogen uptake of canola oilseed
rape. Two irrigations produced 10.8 percent higher mean grain yield over one irrigation and 26.2
percent over no post sowing irrigation. Deep tillage incremented seed yield by 10 percent over
conventional tillage. Seed yield significantly increased up to Nigo with the highest seed yield
production of 1.81 t ha® among nitrogen rates averaged over two years. Water productivity
improved with deep tillage and nitrogen dose of 100 kg ha™. Higher nitrogen rates at low
irrigation frequency resulted in yield similar to low nitrogen rates at higher irrigation frequency.
Deep tillage with one irrigation produced similar yield as under conventional tillage with two
irrigations suggesting saving of irrigation water.
Data Availability Statement
The data that support the findings of this study are available from the corresponding
author, upon reasonable request.
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Table 1 Physico-chemical properties of experimental site

_ _ Water ho_Iding Available
Depth (cm) Soil separates (%) Textural class Bulk Der_13§|ty capacity N
(Mg m ) (%! V/V) (kg ha-l)
Sand Silt Clay FC -15 bar
0-15 79.3 11.7 7.6 Loamy Sand 1.38 14.5 4.0 80.3
15-30 80.6 12.3 6.3 Loamy Sand 1.42 15.0 4.5 77.1
30-60 81.9 9.5 8.5 Loamy Sand 1.47 17.0 6.0 60.3
60-90 83.5 7.7 8.8 Loamy Sand 1.53 17.0 6.8 52.8
90-120 84.3 8.4 7.3 Loamy Sand 1.55 18.0 6.5 55.5
120-150 82.8 8.7 8.5 Loamy Sand 1.57 18.2 6.3 42.1
150-180 81.5 9.8 8.7 Loamy Sand 1.59 18.3 6.4 40.1

Table 2 Monthly mean of daily maximum and minimum air temperature (°C) and monthly cumulative pan evaporation (E,
mm) and rainfall (RF, mm) in different cropping seasons.

Month 2017-18 2018-19 Normal value

Temp E, RF Temp E, RF Temp E, RF

Max Min Max Min Max Min

October 33.0 18.5 88.7 0.0 31.3 17.1 96.6 0.0 31.8 16.4 123.4 10.9
November 24.7 11.4 47.4 7.0 27.0 11.8 64.0 2.6 26.6 10.6 81.3 6.7
December 20.8 75 50.6 24.0 20.7 55 40.0 0.0 20.4 .6.5 53.4 17.6
January 18.7 6.2 46.0 18.4 18.5 6.2 |43.1 66.0 18.2 5.6 495 28.7
February 22.8 9.1 64.4 27.0 | 20.1 9.2 46.2 95.6 21.0 7.6 48.4 33.3
March 29.3 13.9 125.3 0.0 25.3 11.8 84.8 7.4 26.6 11.7 118.5 21.0
April 35.8 19.9 218.3 10.0 35.1 19.5 170.3 41.6 34.4 17.1 211.4 27.8
Total - - 640.7 86.4 - - 545 213.2 - - 685.9 146




Table 3 Dry Matter Accumulation (DMA, t ha™®) of canola crop at various stages as influenced by tillage, irrigation and
nitrogen levels in different cropping seasons.

Treatment 60 DAS 110 DAS
2017-18 2018-19 2017-18 2018-19
N- rate, kg ha™ N- rate, kg ha™ N- rate, kg ha™ N- rate, kg ha™
0 50 75 100 0 50 75 100 0 50 75 100 0 50 75 100
I 013 016 026 034 020 029 035 045 030 057 084 124 043 064 092 1.26
CT I1 024 069 076 084 025 074 082 087 089 150 176 251 098 161 1.88 259
I, 025 058 075 090 026 065 080 093 136 169 217 298 144 173 225 3.16
lo 013 018 026 039 023 027 035 039 037 079 094 136 047 090 1.02 151
DT I, 028 065 079 093 035 069 080 09 102 161 195 285 1.08 167 198 3.01
I, 030 059 072 08 032 067 082 092 155 208 235 297 163 212 255 321
Means Year 17-18=0.50, 18-19=0.57 Year 17-18=1.57, 18-19=1.67
Tillage CT=0.52; DT=0.53 Tillage CT=1.53;DT=1.71
Irrigation 1,=0.27; 1,=0.67; 1,=0.64 Irrigation 1,=0.85; 1,=1.81; 1,=2.20
Nitrogen No=0.24; N50=0.51; N75=0.62; N100=0.73 Nitrogen No=0.96; N5g=1.41; N75=1.73; N10p=2.39
LSD Year=NS Year=0.03
(p=0.05) Tillage= NS Tillage=0.09

Year xTillage=NS

Irrigation=0.05

Year x Irrigation= NS

Tillage x Irrigation=NS

Year xTillage x Irrigation= NS
Nitrogen=0.03

Year x Nitrogen= NS

Tillage x Nitrogen= NS

Year xTillage x Nitrogen = NS
Irrigation x Nitrogen= NS

Year x Irrigation x Nitrogen=NS
Tillage x Irrigation x Nitrogen=NS
Year x Tillage x Irrigation x Nitrogen=NS

Year xTillage=NS

Irrigation=0.10

Year x Irrigation= NS

Tillage x Irrigation=NS

Year xTillage x Irrigation= NS
Nitrogen=0.06

Year x Nitrogen= NS

Tillage x Nitrogen= NS

Year xTillage x Nitrogen = NS
Irrigation x Nitrogen= NS

Year x Irrigation x Nitrogen=NS
Tillage x Irrigation x Nitrogen=NS
Year x Tillage x Irrigation x Nitrogen=NS

Continued....



Treatment 145 DAS

2017-18 2018-19
N- rate, kg ha™ N- rate, kg ha™
0 50 75 100 0 50 75 100
lo 072 132 214 238 082 143 220 243
CT Iy 192 272 426 534 138 292 458 550
I, 3.10 424 6.02 7.09 340 476 6.28 7.47
lo 165 270 295 378 185 286 318 4.07
DT I, 208 381 533 613 223 414 588 6.77
P 446 569 823 855 460 591 847 874
Means Year 17-18=4.03, 18-19=4.24
Tillage CT=3.52; DT=4.75
Irrigation 10=2.28; 1,=4.06; 1,=6.06
Nitrogen No=2.35; N5g=3.54; N75=4.96; N100=5.69

LSD Year=0.04

(p=0.05) Tillage=0.31
Year xTillage=NS
Irrigation=0.38
Year x Irrigation= NS
Tillage x Irrigation=NS
Year xTillage x Irrigation= NS
Nitrogen=0.21
Year x Nitrogen= NS
Tillage x Nitrogen= NS
Year xTillage x Nitrogen = NS
Irrigation x Nitrogen= NS
Year x Irrigation x Nitrogen=NS
Tillage % Irrigation x Nitrogen=NS
Year x Tillage x Irrigation x Nitrogen=NS




Table 4 Canola yield (t ha) as influenced by tillage, irrigation and nitrogen levels in different cropping seasons.

Treatment Seed Yield Stover yield
2017-18 2018-19 2017-18 2018-19
N- rate, kg ha N- rate, kg ha” N- rate, kg ha” N- rate, kg ha
0 50 75 100 0 50 75 100 0 50 75 100 0 50 75 100
lo 075 109 128 145 087 134 148 169 326 448 498 542 328 478 525 6.12
CT I, 097 121 142 158 103 150 177 188 379 471 571 610 39 548 635 7.03
I, 103 137 158 176 116 166 183 202 407 576 622 654 434 6.08 6.74 7.33
lo 086 119 136 153 09 143 159 195 366 469 526 551 369 521 589 7.20
DT I, 108 134 163 175 113 162 179 204 422 541 613 657 419 590 658 749
I, 124 155 174 189 135 182 197 224 444 606 650 673 485 659 724 8.23
Means Year 17-18=1.36, 18-19=1.59 Year 17-18=5.26, 18-19=5.82
Tillage CT=1.40; DT=1.54 Tillage CT=5.32; DT=5.76
Irrigation 10,=1.30; 1,=1.48; 1,=1.64 Irrigation 10=4.91; 1,=5.60; 1,=6.11
Nitrogen No=1.04; N5g=1.43; N75=1.62; N100=1.81 Nitrogen Ng=3.98; N5g=5.43; N75=6.07; N190=6.69
LSD Year=0.14 Year=NS
(p=0.05) Tillage= 0.06 Tillage=0.19

Year xTillage=NS
Irrigation=0.07

Year x Irrigation= NS

Tillage x Irrigation=NS

Year xTillage x Irrigation= NS
Nitrogen=0.05

Year x Nitrogen=0.08

Tillage x Nitrogen= NS

Year xTillage x Nitrogen = NS
Irrigation x Nitrogen= NS
Year x Irrigation x Nitrogen=NS
Tillage x Irrigation x Nitrogen=NS

Year x Tillage x Irrigation x Nitrogen=NS

Year xTillage=NS
Irrigation=0.23

Year x Irrigation= NS

Tillage x Irrigation=NS

Year xTillage x Irrigation= NS
Nitrogen=0.19

Year x Nitrogen= 0.27

Tillage x Nitrogen= NS

Year xTillage x Nitrogen = NS
Irrigation x Nitrogen= NS
Year x Irrigation x Nitrogen=NS
Tillage x Irrigation x Nitrogen=NS

Year x Tillage x Irrigation X Nitrogen=NS




Table 5 Total Water Use (mm) and Water Productivity (kg ha® mm™) as influenced by tillage, irrigation and nitrogen levels in
different cropping seasons.

Treatment TWU Water productivity
2017-18 2018-19 2017-18 2018-19
N- rate, kg ha™ N- rate, kg ha™ N- rate, kg ha™ N- rate, kg ha™
0 50 75 100 0 50 75 100 0 50 75 100 0 50 75 100
lo 250 253 256 257 298 301 305 308 302 430 498 565 291 446 485 548
CT Iy 319 323 327 329 37 359 363 365 304 374 435 479 289 419 488 516
I, 360 367 374 376 401 404 414 417 285 374 424 468 291 412 441 483
lo 249 254 258 259 308 316 325 333 343 469 528 592 311 453 489 584
DT LI, 314 317 321 322 368 371 373 376 344 424 509 542 307 438 479 541
I, 363 371 382 385 420 426 434 440 341 417 455 492 323 427 455 5.09
Means Year 17-18=316, 18-19=366 Year 17-18=4.33, 18-19=4.34
Tillage CT=337; DT=345 Tillage CT=4.19; DT=4.49
Irrigation 10=283; 1,=344; 1,=396 Irrigation 10=4.58; 1,=4.31; 1,=4.12
Nitrogen No=334; N5q=339; N75=344; N1gp=347 Nitrogen No=3.11; N5g=4.24; N75=4.74; N100=b5.27
LSD Year=NS
(p=0.05) Tillage=0.15

Year xTillage=NS

Irrigation=0.19

Year x Irrigation= NS

Tillage x Irrigation=NS

Year xTillage x Irrigation= NS
Nitrogen=0.15

Year x Nitrogen= NS

Tillage x Nitrogen= NS

Year xTillage x Nitrogen = NS
Irrigation x Nitrogen= NS

Year x Irrigation x Nitrogen=0.27
Tillage % Irrigation x Nitrogen=NS
Year x Tillage x Irrigation x Nitrogen=NS




Table 6 Effect of irrigation, tillage and nitrogen rates on oil yield (t ha™) and total N uptake (kg ha™) of canola

Treatment QOil Yield (t ha) Total N uptake (kg ha™)
2017-18 2018-19 2017-18 2018-19
N- rate, kg ha* N- rate, kg ha™* N- rate, kg ha™ N- rate, kg ha™*
0 50 75 100 0 50 75 100 0 50 75 100 0 50 75 100
lo 032 046 054 061 035 053 059 066 4166 6286 7458 90.52 4388 67.64 76.77 91.88
CT Iy 041 051 060 066 041 0.60 0.70 0.74 4829 65.07 89.33 100.47 48.93 7299 8891 101.78
I, 044 058 067 075 047 066 073 0.80 4793 7737 9057 10055 51.33 78.91 91.20 104.36
lo 036 051 058 064 038 057 063 076 46.30 7353 8795 10943 4941 7468 88.88 113.97
DT I, 046 057 069 074 045 065 0.71 0.80 5283 81.06 9157 110.97 5555 81.82 94.84 112.33
P 053 066 074 081 054 073 076 0.89 59.20 83.87 98.28 112.27 62.30 87.72 100.01 118.65
Means Year 17-18=0.58, 18-19=0.63 Year 17-18=79.0, 18-19=81.6
Tillage CT=0.57, DT=0.63 Tillage CT=75.3; DT=85.3
Irrigation 10,=0.53; 1,=0.61; 1,=0.67 Irrigation 10=74.6; 1,=81.0; 1,=85.3
Nitrogen No=0.43; N50=0.59; N75=0.66; N100=0.74  Nitrogen No=50.6; N5o=75.6; N75=89.4; N100=105.6
LSD Year=NS Year=2.2
(p=0.05) Tillage= 0.023 Tillage= 3.0
Year xTillage=NS Year xTillage=NS
Irrigation=0.028 Irrigation=3.7

Year x Irrigation= NS

Tillage x Irrigation=NS

Year xTillage x Irrigation= NS
Nitrogen=0.023

Year x Nitrogen= NS

Tillage x Nitrogen= NS

Year xTillage x Nitrogen = NS
Irrigation x Nitrogen= NS

Year x Irrigation x Nitrogen=NS
Tillage x Irrigation x Nitrogen=NS
Year x Tillage x Irrigation x Nitrogen=NS

Year x Irrigation= NS

Tillage x Irrigation=NS

Year xTillage x Irrigation= NS
Nitrogen=2.2

Year x Nitrogen= NS

Tillage x Nitrogen= NS

Year xTillage x Nitrogen = NS
Irrigation x Nitrogen= NS

Year x Irrigation x Nitrogen=NS
Tillage x Irrigation x Nitrogen=NS
Year x Tillage x Irrigation x Nitrogen=NS




Fig. 1: Effect of tillage on soil penetration resistance (MPa) distribution in 0-60 cm soil layer

Fig. 2: Effect of tillage and nitrogen rates on depth-wise root mass density (RMD, pgcm™) of canola under different irrigation
regimes during cropping season 2017-18.

Fig. 3: Effect of tillage and nitrogen rates on depth-wise root mass density (RMD, pgcm™) of canola under different irrigation
regimes during cropping season 2018-109.
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Fig. 2: Effect of tillage and nitrogen rates on depth-wise root mass density (RMD, pgcm-3) of canola under different irrigation

regimes during cropping season 2017-18.
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Fig. 3: Effect of tillage and nitrogen rates on depth-wise root mass density (RMD, pgcm™) of canola under different irrigation
regimes during cropping season 2018-19.



