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Crop management practices and variety are two very important parameters that decides the crop performance. A field experiment was carried out during the two consecutive rabi seasons of 2018–19 and 2019–20 to determine the impact of sowing timing, tillage operation, and variety on the growth, development, yield characteristics, and nitrogen uptake in lentil crops. The experiment was conducted in a split-split plot design with 3 replications comprising two different sowing conditions (S1: early sowing after harvesting of short duration kharif rice, S2: delayed sowing after harvesting of long duration kharif rice) in main plots, three different tillage operations (T1: Relay cropping, T2: Zero tillage, T3: Conventional tillage) in subplots and two different varieties (V1: short duration: L4717, V2: long period: Moitri) in subplots. The findings demonstrated a substantial interaction between sowing time, tillage, and variety on various growth and yield parameters of lentil crops. The early sowing of lentil crops (early November) yielded 4.8% more (1,105 kg ha−1) than late November sowing and adapting to the short-duration variety L4717 over the long-duration cultivar Moitri resulted in a yield increase of 5.9% (1,086 kg ha−1). Apart from providing a higher yield, it also provided an opportunity to take another crop like leafy vegetables. Among the three tillage practices adopted, conventional tillage produced the lowest yield (1,017 kg ha−1) in both experimental years. In contrast, a yield increase of 6.9% and 26.9% in relay cropping and zero tillage systems was observed, respectively. Early-sown lentils with no-tillage and a short-duration variety reached a certain phenophase faster than other combinations (life cycle: 96.2 and 98.7 days for lentils in both years). For both the sowing times, the growth parameters and the number of nodules plant−1 were highly correlated with nitrogen uptake at different stages of the life cycle. High net returns (Rs. 51,220 and 59,257) leading to higher benefit-cost ratios were observed under the treatment combination of early sowing + zero tillage + short duration variety. Therefore, the study found that short-duration lentil cultivars in combination with early sowing in the zero-tillage system are the best agronomic approach for the sustainability of lentil production after the monsoon rice harvest.
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1. Introduction

Several grain legumes have been found to be crucial for meeting food requirements and for food security as they are primary plant protein sources. Besides being a rich source of proteins and essential amino acids, pulses can serve as a 'mini nitrogen factory', reducing the requirement for chemical fertilizers and maintaining environmental balance. Legumes have become recognized for their extensive contribution to crop diversity and sustainable agriculture. In light of urgent challenges such as climate change, population explosion, and agricultural land degradation, legumes have a bigger and more important role to play. Chickpeas, lentils, and faba beans are three food legumes whose production has decreased over the past decade. Though there are many high-yield varieties and advanced production technologies that should result in higher and more stable yields, production trends regarding food legumes have mostly been static or have declined in developing countries. In developing countries like India, food legumes are as equally important as food grains and oilseeds (Choudhary, 2009).

In India, chickpea, pigeon pea, mungbean, urdbean, lentil, and field pea are the important legume crops grown (Saxena et al., 2000; Ali and Gupta, 2012), which form an integral part of the different cropping systems for sustainable agriculture. Lentil (Lens culinaris) is amongst the oldest domesticated crops cultivated in the world. The world's total lentil cultivated area is estimated at ~6.10 million ha, with annual production and yield of 6.33 million tons (MT) and 1,038 kg ha−1, respectively (FAOSTAT, 2019). Lentil is India's second most important rabi pulse crop (Singh et al., 2014) with a rich source of protein and essential amino acids (Tripathi, 2016). Lentil cultivation in India is characterized by low yields with high variability and is grown mainly by marginal farmers. There are studies that have indicated that replacing age-old lentil varieties and adjusting sowing time in the crop sequence may help improve yield and expand the area in potential regions (Sen et al., 2016).

Adjusting sowing time may be an important factor in lentil production as it is an essential factor that plays a pivotal role in crop growth, phenological development, nodulation, pod development, and productivity (Pradhan et al., 2018). The plant environment such as temperature, photo-period, and moisture availability (in dryland/rainfed conditions), significantly differs from the sowing date. Therefore, shifting the kharif crop sowing dates to accommodate the next cool-season crop (rabi) in the cropping system can ensure more system productivity (Maji et al., 2019). In the lower Gangetic plains of India, late transplanting of monsoon rice with long-duration varieties along with erratic rainfall in October or November delays the sowing of post-rice CSFLs, making them susceptible to terminal heat/drought stresses and eventually lowering productivity. In the future, the change in rainfall is going to be drastic. According to Yadav et al. (2017) and Chandran et al. (2022) the mean percent change in projected rainfall compared to baseline during the lentil growing period was −7%, −8.5%, +1.7%, and −6.8%, respectively under mid_rcp4.5, mid_rcp8.5, end_rcp4.5 and end_rcp8.5 scenarios.

Along with the proper time of sowing, a high-yielding short-duration variety is equally important. Days to maturity of a crop have a significant role in finding a fit, especially after the rice harvest. During the last three decades, lentil breeders have made tireless efforts to increase the productivity of lentil crops across different global locations by developing short-duration varieties with high and stable yield advantages for diverse agro-climatic conditions. An early maturing variety may escape from drought or flooding and allow the cultivation of multiple crops in a year. At Indo Gangetic plains of India, lentil varieties like Ranjan, Subrata, and Moitri (duration: 125–130 days) are popular across agro-climatic zones. But, many location-specific and widely adaptable high-yielding short-duration varieties of pulses have already been developed (Erenstein and Laxmi, 2008), which also need to be popularized across different lentil growing locations to provide tolerance against biotic and abiotic stresses.

Tillage is a well-known agricultural practice that has a larger impact on creating better soil conditions for ensuring satisfactory crop growth and development (Singh et al., 2022). Conservation or zero tillage, which leads to less disturbance of soil and permits residue retention, has gained momentum across the globe (Nuttonson, 1955). No-till or zero tillage is a critical component of conservation agriculture to produce crops cheaply with a profound effect on natural resources. In many parts of the world, conservation agriculture has become increasingly popular because soil degradation and the sustainability of agriculture have become increasingly apparent. Proper tillage management can be a better solution for the soil degradation processes documented in parts of Indo-Gangetic plains.

Keeping a view of the literature above, an experiment was designed to study the effects of different sowing times, tillage, and varieties on growth, nodulation pattern, yield parameters, phenophase attainment, total N uptake and economics in lentils grown after monsoon rice. We believe this study will also be important for a future in which we expect a change in the climate. The changes in rainfall and maximum and minimum temperatures can be effectively managed with this agronomic management.



2. Materials and methods


2.1. Details of experimental site

The present experiment was carried out during two successive rabi seasons (October to March) of 2018–19 and 2019–20 at the District Seed Farm (22°56′ N latitude, 88°32′ E longitude, and an altitude of 9.75 m above mean sea level), AB Block, Bidhan Chandra Krishi Viswavidyalaya, Kalyani, Nadia, West Bengal, India. The soil was well-drained Gangetic alluvial (order: Inceptisol), which belongs to the class of sandy loam with medium fertility, almost neutral in reaction (pH 7.0), low in organic carbon (0.52 and 0.57%), available nitrogen (132.59 and 138.19 kg ha−1), phosphorus (24.86 and 29.66 kg ha−1), and potassium (157.82 and 159.16 kg ha−1) for both the years.



2.2. Weather conditions

The day-to-day meteorological data during the period of the experiment was collected from AICRP on Agro Meteorology, Directorate of Research, Bidhan Chandra Krishi Viswavidyalaya, Kalyani, Nadia, West Bengal. The maximum and minimum temperatures during the cropping period ranged between 24.5 and 32.4°C and 10.1–22.5°C in 2018–19 and 23.4–32°C and 11.2–23.3°C in 2019–20. The daily temperature during the experiment period of both years started to decline in November and reached a minimum in January. The relative humidity in these cropping seasons was perceived between 96.0–42.5% and 97.5–40.1% during 2018–19 and 2019–20, respectively. The crop was grown exclusively under rainfed conditions. The total amount of rainfall received during the experiment period was 133.7 mm in 2018–19 and 189.6 mm in 2019–20.



2.3. Experimental design and treatment details

The investigation was laid out in a split-split plot design with three replications comprising 12 treatment combinations (Supplementary Figure S1). In the study, the main plots included two sowing conditions (S1: Early sowing, i.e., 1st week of November after harvesting of short duration kharif rice, i.e., Sahabhagi and S2: Delayed sowing, i.e., last week of November) after the harvesting of long period Kharif rice, i.e., Swarna, 3 tillage practices in the subplots (T1: Relay cropping, T2: Zero tillage, T3: Conventional tillage), and two varieties of lentil (V1: short duration L4717, V2: long duration Moitri) that were laid on sub-sub plots. The L4717 variety used in the experiment is an early maturing (105 days), powdery mildew and Fusarium wilt disease-resistant lentil variety released by the Indian Agriculture Research Institute, New Delhi, India, with a yield potential of 12–13 q ha−1. On the other hand, Moitri is a long-duration (120 days), rust disease-resistant popular lentil variety released by the Pulses and Oilseed Research Station, Berhampore, West Bengal, India, with a yield potential of 10–12 q ha−1. There was a difference of at least 20 days between the early and late sowing period. There was a visible difference noted in the moisture content of the soil between the early November sowing (initial moisture content was 25.24% at 0–15 cm and 27.07% at 15–30 cm) and the last week of November sowing (initial moisture content was 24.12% at 0–15 cm and 25.58% at 15–30 cm) of the lentil crops.



2.4. Crop management

Lentil (60 kg ha−1) seeds were broadcasted on the standing rice crop for both dates of sowing in relay cropping. On both dates of sowing, residues of previously grown rice crops were left in the field. A zero till drill was used to implement zero tillage in the plots. One deep plowing with a disc plow followed by 2 harrowing and 1 planking was provided for conventional tillage treatment. After the final land preparation, the seeds were sown at a distance of 25 cm row to row by opening furrows and placing seeds in a depth of 3–4 cm in both zero-tilled and conventionally-tilled plots in both the sowing dates.

A recommended fertilizer dose of 20:40:40 kg N-P2O5-K2O ha−1 for lentils was applied as basal dose. The whole quantity of nitrogen, phosphorous, and potassium was applied at the time of sowing of the crop. No external irrigation was provided to the crops and the crop survived by utilizing the residual soil moisture. Two-hand weeding at 25 DAS (days after sowing) and 50 DAS for the lentil crops was done to minimize crop weed competition. The crop was harvested manually when the leaves became yellow, and ~85–90% of green pods turned to golden straw color. After threshing, cleaning, and drying, the grains of each plot were weighed separately, and the yield was determined in terms of kg ha−1.



2.5. Methodology used

For growth analysis, five randomly selected lentil plant samples from the experimental plots were collected at respective stages of observation, and plant height (45, 75 DAS and at harvest), dry aerial biomass accumulation (45, 75 DAS, and at harvest), the number of nodules plant−1 (45, 60, and 75 DAS), and leaf area index, i.e., LAI (45, 60, and 75 DAS), were determined by following the standard procedure. The yield components and grain yield of the lentil crops were determined at maturity. The different phenophases (viz., days to flower initiation, flowering to pod initiation and pod initiation to maturity, sowing to maturity) of lentil crops planted at other dates were noted using the regular field inspection method. The degree days were obtained as the difference between the mean daily temperature and the base temperature of the crop (AOAC, 1995).
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where Tmax. and Tmin. were the maximum and minimum air temperatures of a day, Tb was the base temperature (50 C for pulses) and n was the number of days to attain a phenophase. The degree days for different phenophases of lentil varieties were calculated, which were summed up from the sowing to the maturity of the crop.

The micro-Kjeldahl method was used to determine the total nitrogen (N) in the lentil plant samples as per the procedure suggested by Gomez and Gomez (1984). The uptake of N by the plant on a dry weight basis (seed and stover) was calculated by the following formula:
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For the economics of lentil cultivation, the cost of each treatment was calculated based on the then-prevailing market price of the inputs. The cost of cultivation was worked out with the following formula:

[image: image]

The gross return was obtained by converting the harvest into monetary terms at the prevailing market rate during the study period. The net return was calculated by deducting the cost of production from the gross return and expressed as:

[image: image]

The benefit-cost ratio was calculated with the help of the following formula:

[image: image]

The data obtained on the various parameters under study were analyzed statistically using the variance analysis method (ANOVA) for a split–split plot design. The significance of the treatments was tested at a 5% least significant difference and was computed by the “F” test (Wickham, 2016).



2.6. Correlation

The Pearson correlation coefficients with significance levels presented in a scatterplot and correlogram were done with the help of ggplot2 (Schloerke et al., 2021) and GGally (Edalat and Naderi, 2016) package in R v4.1.2.




3. Results and discussion

As lentil is an indeterminate crop, growth parameters such as plant height and dry aerial biomass accumulation tend to increase with the advancement of the crop growth and reach a peak at harvest irrespective of different treatments.


3.1. Impact on growth and nodulation

The significantly highest plant height in the lentil crops was found in the early sown treatment (first week of November) as compared to the delayed sowing (last week of November) in all the different growth stages, as shown in Supplemenatry Table S1 and Figure 1.


[image: Figure 1]
FIGURE 1
 The effect of sowing time, tillage, and variety on the plant height of the lentil crops sown after the harvesting of monsoon rice. S1, Early sowing (1st week of November) after the harvesting of short-duration Kharif rice; S2, Delayed sowing (last week of November) after the harvesting of long-duration Kharif rice. T1, Relay cropping; T2, Zero tillage; T3, Conventional tillage; V1, Lentil short duration: L4717; V2, Lentil long duration: Moitri. Significant at p ≤ 0.05. NS- Non-significant at p ≥ 0.05.


These results are in line with the findings of Sen et al. (2016) and Venugopalan et al. (2022) where he has reported a reduction in plant height when the lentil was sown late (last week of November). This might be due to its congenial weather condition during the first sowing date of the lentil crops which provided a favorable environment for the growth and development of the crop. Among the various tillage conditions, maximum plant height was noted in the zero tillage plots in both years (Figure 1). Zero tillage perhaps provided an advantage to crop over weeds, resulting in better resource utilization and greater suppression ability of weeds than the other treatments that indirectly led to better growth of the crop. Among the various varieties studied, lentil variety L4717 resulted in the significantly tallest plant at various growth stages. The genetic makeup of the short-duration varieties may have resulted in taller plants compared to the longer-duration varieties. An earlier experiment showed that the simultaneous improvement of yield and earliness was possible because of high heritability for important traits, including crop growth rate, efficient partitioning of photosynthetic assimilates, and reproductive duration (Jogloy et al., 2010; Edalat and Naderi, 2016). However, the interaction effect of sowing condition, tillage, and variety did not significantly affect the plant height of the lentil crop.

A significant influence of sowing time was noted on the dry aerial biomass accumulation of lentils at 75 DAS during 2018–19 in the experiment. The early sowing of lentils at various stages resulted in superior dry aerial biomass accumulation (Supplementary Table S2 and Figure 2), which may be due to proper weather conditions.


[image: Figure 2]
FIGURE 2
 Effect of sowing time, tillage, and variety on dry aerial biomass accumulation of lentil crops sown after monsoon rice harvesting. S1, Early sowing (1st week of November) after harvesting of short-duration Kharif rice; S2, Delayed sowing (last week of November) after harvesting of long-duration Kharif rice. T1, Relay cropping; T2, Zero tillage; T3, Conventional tillage; V1, Lentil short duration: L4717; V2, Lentil long duration: Moitri. Significant at P ≤ 0.05. NS- Non-significant at P > 0.05.


The experiment results found similarity with the results of Tyagi (2014) and Visha Kumari et al. (2021). Maximum aerial biomass was noted in the treatment plots with zero tillage during both years. Improved soil moisture and nutrient availability at the crop root zone, sufficient aeration facility, and greater transpiration surface area could all contribute to better results in lentil plots with zero tillage. During both years of experimentation, the short-duration variety L4717 produced maximum dry aerial biomass accumulation (Supplemenatry Table S2 and Figure 2) compared to the long-duration variety Moitri. In the case of plant height and dry aerial biomass accumulation of the lentil crops, the 2nd year of the study recorded superior values due to receiving of excess amount of rainfall (almost 56 mm) and there were also improved soil physical properties in response to winter pulse cultivation in the previous year which contributed to better vegetative growth of the lentil crops.

Early sowing resulted in a significantly higher number of nodules plant−1 throughout the growth stages (13.0 and 14.3 at 45 DAS, 23.2 and 27.2 at 75 DAS, and 11.7 and 14.5 at 75 DAS) compared to delayed sowing of lentil (12.4 and 13.6 at 45 DAS, 22.5 and 26.5 at 75 DAS, and 11.2 and 13.8 at 75 DAS) for both the years of experimentation (Table 3 and Figures 3–5). The results of the experiment are close to the results of the experiment (Sah et al., 2019) in chickpeas.


[image: Figure 3]
FIGURE 3
 Effect of sowing time, tillage, and variety on a number of nodules plant−1 at 45 DAS of lentil crops sown after monsoon rice harvesting (S1, Early Nov sown Lentil; S2, Late Nov sown Lentil; T1, relay cropping; T2, zero tillage; T3, conventional tillage; V1, L4717; V2, Moitri).



[image: Figure 4]
FIGURE 4
 Effect of sowing time, tillage, and variety on the number of nodules plant−1 at 60 DAS of lentil crops sown after monsoon rice harvesting (S1, Early Nov sown Lentil; S2, Late Nov sown Lentil; T1, relay cropping; T2, zero tillage; T3, conventional tillage; V1, L4717; V2, Moitri).



[image: Figure 5]
FIGURE 5
 Effect of sowing time, tillage, and variety on the number of nodules plant−1 at 75 DAS of lentil crops sown after monsoon rice harvesting (S1, Early Nov sown Lentil; S2, Late Nov sown Lentil; T1, relay cropping; T2, zero tillage; T3, conventional tillage; V1, L4717; V2, Moitri).


A significant influence of earlier sowing date on the nodules plant−1 of lentils was also observed by Visha Kumari et al. (2019). Among the different crop establishment methods, the maximum number of nodules plant−1 was recorded in the zero tillage plots followed by the relay cropping plots during both the years of the experiment (Table 3 and Figures 3–5). This may be attributed to better seedbed preparation, which might have facilitated better root growth in the no-till plots. These findings could be supported by the previous observations of Quddus et al. (2020) in various growth parameters of winter chickpeas with various tillage operations. Among the different lentil varieties studied, the maximum number of nodules plant−1 was found in the short-duration variety L4717 at all the growth stages (Supplemenatry Table S3 and Figures 3–5) in both years. The difference in growth attributes may be due to the varietal characteristics and their crop duration.

The trend remained the same for LAI too. Sowing in the first week of November resulted in a significantly higher LAI throughout the growth stages compared to sowing in the last week of November for both the years of investigation (Supplementary Table S4 and Figure 6). For the various tillage treatments, LAI could be arranged as zero tillage > relay cropping > conventional tillage (Supplementary Table S4 and Figure 6). There are few studies which show that no-tillage and minimum tillage performed better in terms of LAI in lentil crops in new alluvial soil (Bandyopadhyay et al., 2018). These results can be explained by the fact that the soil's physical properties such as organic carbon content, aeration facility, and fertility status might be more favorable in zero tillage than in other tillage-based systems. During both years of the experiment, lentil variety L4717 attained the highest LAI at all observed stages as compared to the long-duration lentil variety Moitri due to faster genetic expressions under favorable conditions.


[image: Figure 6]
FIGURE 6
 Effect of sowing time, tillage, and variety on leaf area index (LAI) of lentil crops sown after monsoon rice harvesting.




3.2. Impact on grain yield

Among the different yield traits observed, the early sown lentil crops showed the highest number of plants m−2 (28.7 and 27.6), while the late sown lentil crops showed fewer plants (25.7 and 25.3). At the lower Gangetic plains of India, the first fortnight of November is considered optimum (Sen et al., 2016; Visha Kumari et al., 2019) and our results are in line with the earlier studies. As per the results, tillage treatments can be significantly arranged as zero tillage (35.3 and 35.8) > relay cropping (25.8 and 24.9) > conventional tillage (20.4 and 18.6) regarding this parameter during both consecutive years of study (Table 1).


TABLE 1 Effect of sowing time, tillage, and variety on yield parameters of lentil crops sown after monsoon rice harvesting.

[image: Table 1]

The short-duration variety L4717 produced the significantly highest number of plant stand m−2 in both years, followed by the long-duration variety Moitri (Table 1). The interaction effect of sowing condition, tillage, and variety, however, did not significantly affect the plant population of the lentil crops. Among the different treatments, a significant difference in the number of pods plant−1 in the lentil crops was observed during the study (Table 1). Early sowing of lentils resulted in more pods (89.2 and 105.4) due to favorable temperatures during the crop growth period and higher growth attributes, which may be responsible for a better source-sink relationship. Zero tillage-treated plots recorded a higher number of pods plant−1 (105.7 and 107.3), followed by relay cropping (87.4 and 97.2) and conventional tillage (70.9 and 82.4) in both years. Due to the compound effects of reduced soil erosion, suppressed nutrient removal by weeds, better soil physical health, improved water regimes, and restoration of soil moisture, there were more yield attributes and yield in the zero tillage plots. There were varietal differences in the number of pods plant−1, too, owing to the genetic potential (Table 1).

A similar observation regarding the test weight of lentils was found regarding sowing time, tillage, and variety in lentils where the early November sowed crop resulted in higher test weight (18.75 and 18.93 g) (Table 1). Tillage treatments could be arranged as zero tillage (19.30 and 19.95 g) > relay cropping (18.70 and 18.64 g) > conventional tillage (18.00 and 17.85 g) regarding this parameter during 2018–19 and 2019–20. The higher yield attributes in zero tillage plots of lentil crops are also similar to the results of earlier work (Bandyopadhyay et al., 2018; Chauhan et al., 2019; Quddus et al., 2020). The L4717 variety recorded a higher test weight (18.90 and 19.05 g) in both the years of study than the long-duration variety Moitri (18.45 and 18.60 g).

Lentil yield also varied significantly with the time of sowing, tillage, and variety. For 2018–19 and 2019–20, early sowing recorded a 2.08 and 7.53% increase over the delayed sowing of lentils in the investigation, respectively (Table 2). The results of delayed sowing were in accordance with Sita et al. (2017) where the high sensitivity of lentil crops to high temperature resulted in a negative impact on the reproductive stage followed by a yield reduction. Zero tillage resulted in a higher yield among the tillage treatments followed by relay cropping (Table 2).


TABLE 2 Effect of sowing time, tillage, and variety on seed yield and total N uptake of lentil crops sown after monsoon rice harvesting.

[image: Table 2]

Zero tillage had the advantage of better depth and moisture availability. The L4717 variety produced 6.46 and 5.34% higher seed yields than Moitri during the study period of the year 2018–19 and 2019–20, respectively. It is reported that lentil genotypes with a short duration can produce higher seed yield if they efficiently partition the photosynthetic assimilates into economic profit (Kumar and Srivastava, 2015; Mukherjee et al., 2020). This may be the reason for the higher yield in L4717. Further, the yield attributing parameters and seed yield of lentil was found to achieve far superior values in 2019–20 as compared to 2018–19 probably due to improved organic carbon content (0.05%) as well as receiving a greater amount of rainfall that increased the soil moisture reserve in the 2nd year of study which helped in better utilization of water resource attributing to better reproduction and yield advantages.



3.3. Impact on total N Uptake

Total N uptake also varied significantly following a similar pattern of higher total N uptake (80.28 and 87.24 kg ha−1) in early sown lentils during both years. Similar findings were reported previously by experimental results (Kumar et al., 2016; Neenu et al., 2017). Higher nutrient content and uptake with the early planted crop were due to the more extended vegetative phase of the product, leading to the efficient use of growth resources and hence higher dry matter production. Zero-tilled plots (103.16 and 115.09 kg ha−1) were noted to have maximum total N uptake by lentil grain and stover, followed by relay cropped and conventionally tilled plots during 2018–19 and 2019–20, respectively (Table 2). An earlier finding also documented the highest total N uptake in zero tillage as compared to other tillage practices (Bandyopadhyay et al., 2018). Higher nutrient content and uptake were observed under zero tillage might be because it can promote root growth and development and improve soil macro-aggregates and soil microbial activities as it endorsed good soil conditions through less soil disturbance. Similar observations regarding total N uptake by lentils among the varieties tested were found where the L4717 variety resulted in a significantly superior value (79.35 and 85.95 kg ha−1) during both years due to the difference between the varieties regarding the number of nodules plant−1 (Table 2).



3.4. Impact on phenology and GDD

The duration of the lentil crop significantly increased with the delay in sowing from the 1st week of November to the last week of November in the experiment. On average, the early sowing took relatively fewer days from planting to maturity (110.4 and 112.1 days) and went through different phenophases, such as days to flowering, flowering to pod initiation, and pod initiation to maturity compared to the late sowing, which needed more days (113.0 and 114.7 days) to reach maturity in both survey years (Table 3).


TABLE 3 Effect of sowing time, tillage, and variety on the phenology of lentil crops sown after monsoon rice harvesting.

[image: Table 3]

The early November sown crops' accelerated phenological stages could be caused primarily by the temperature difference between them. For the crop planted in late November, when temperatures during vegetative growth were much colder and closer to the base temperature of the crop, growth was temporarily halted, delaying the attainment of phenophases at the optimum time. The results follow the results of earlier works (Islam et al., 2008; Sen et al., 2016) across different locations. Among the tillage operations followed, zero tillage treated plots took the lowest number of days for attaining sowing to maturity (100.1 and 102.1 days), followed by relay cropped plots in both the years of study. The minimal soil disturbance that reduces soil water loss through lower evaporation may account for faster growth in zero tillage systems. The softened seedbed helped in rapid emergence (Basir et al., 2011; Edalat and Naderi, 2016). The short-duration lentil variety L4717 recorded the minimum number of days in each of the growth stages noted (days to flower initiation, 42.8 and 43.6 days, flowering to pod initiation, 20.0 and 20.5 days, pod initiation to maturity, 38.7 and 38.8 days) in both years as compared to the long-duration variety Moitri (Table 3) due to their faster growth habit and good climate advantages. The interaction effect of sowing condition, tillage, and variety was not significant on the phenophase attainment of the lentil crops during two consecutive years.

Among the different treatment combinations, the S1T1V2 (early sowing + relay cropping + Moitri) and S1T3V2 (early sowing + conventional tillage + Moitri) combinations were noted to have the highest accumulated GDD (804.50 and 893.70°C day) from emergence to flower initiation period during the two consecutive years. Mean gathered GDD from flowering to pod initiation (424.25 and 437.90°C day), pod initiation to maturity (1017.45 and 1007.75°C day), and life cycle, i.e., sowing to maturity (2196.60 and 2189.08°C day), recorded the highest value in the S2T3V2 (delayed sowing + conventional tillage + Moitri) combination for both the years, respectively (Table 4).


TABLE 4 Growing degree days (°C day) of lentil canopy at different phenophases grown under different combinations of sowing time, tillage, and variety after monsoon rice harvesting.

[image: Table 4]

The mean air temperature was higher for the late November sown crop than the early November sown crop, which staggered the phenological development of the delayed planted crop at the vegetative growth phase due to the unavailability of favorable weather parameters. Hence the accumulated GDD was higher in the late November sown crop than in the early November sown one. Notably, under both the sowing conditions, zero-tilled plots of lentils recorded the lowest accumulation of GDD compared to the other tillage treatments. This might be due to the lower time requirement of zero-tilled plots of lentils to attain different phenophases and complete their life cycle as compared to relay cropped and conventional tillage plots. That the short-duration varietal combination was less superior regarding GDD accumulation than the longer-duration varietal mix might be due to fewer days required for attaining phenophases across their lifecycle during the winter season of both years.



3.5. Relationship between growth, yield parameters, and total N uptake

The correlation studies among the different parameters of lentils (plant height, dry aerial biomass accumulation, LAI, and no. of nodules plant−1 at periodic observations) with total N uptake and seed yield depicted a significant positive correlation between themselves in the present investigation (Figure 7). The findings from the correlogram revealed that no. of nodules plant−1 at 45 DAS (0.962***), plant height at 45 DAS and 75 DAS (0.979***, 0.978***), dry aerial biomass accumulation at harvest (0.885***), and LAI at 75 DAS (0.977***) possessed the highest positive significant correlation values concerning the total N uptake of the lentil crops among all the observations. The no. of nodules plant−1 at 45 DAS (0.913***), plant height at 45 DAS and 75 DAS (0.944***, 0.943***), dry aerial biomass accumulation at 45 DAS (0.839***), and LAI at 75 DAS (0.960***) possessed the highest positive significant correlation values concerning seed yield in the study during 2018–19 and 2019–20. The seed yield also showed a significant positive correlation (0.973***) with the total N uptake of the lentil crops in the experiment, as assumed to be a highly dependent factor mentioned by earlier researchers (Kumar et al., 2016). From the above findings, it is evident that the number of nodules plant−1 at the vegetative stage is an important determining factor for lentil crops' N uptake. N uptake occurs throughout the vegetative and reproductive phases, reflecting its effect on plant height and LAI. The highest correlation value regarding dry aboveground biomass accumulation and seed yield in the vegetative stage indicates that better vegetative growth due to better plant vigor leads to higher lentil seed yield.


[image: Figure 7]
FIGURE 7
 Correlogram showing Pearson correlation coefficient of growth and nodulation parameters with nitrogen uptake and seed yield. NOD 45, number of nodules plant−1 at 45 DAS; NOD 60, number of nodules plant−1 at 60 DAS; NOD 75, number of nodules plant−1 at 75 DAS; PH 45, Plant height at 45 DAS; PH 75, Plant height at 75 DAS; FPH, Plant height at harvest; DM 45, Dry aerial biomass accumulation at 45 DAS; DM 75, Dry aerial biomass accumulation at 75 DAS; FDM, Dry aerial biomass accumulation at harvest; LAI 45, Leaf Area Index at 45 DAS; LAI 60, Leaf Area Index at 60 DAS; LAI 75, Leaf Area Index at 75 DAS.




3.6. Impact on economics

The results indicated a particular trend of highest gross return (Rs. 82,660 and 93,237), net return (Rs. 51,220 and 59,257), and B:C ratio (2.63 and 2.74) under the treatment combination of earlier sowing + zero tillage + short duration variety in the experiment with a near lowest cost of cultivation (Rs. 31,440 and Rs. 33,980) for the lentil crops during both the years of investigation (Table 5). Similar findings regarding sowing time were found in previous research by Islam et al. (2008) and Rao et al. (2016), who reported that optimum sowing time ensures a lesser cost of cultivation along with a much higher return in winter pulses across different locations of India. The findings of Visha Kumari et al. (2019) and Sasode et al. (2020) regarding the economic analysis of winter pulses also supported the results of the present investigation regarding the economic benefits of zero tillage among different tillage operations.


TABLE 5 Effect of sowing time, tillage, and variety on the economics of lentil crops sown after monsoon rice harvesting.
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4. Conclusion

With the prevailing emissions scenario, within this century, the Indo-Gangetic plains are going to experience a 3–30% decrease in winter rainfall as revealed by CMIP6 model simulations. A temperature increase of 3°C is indicated under the lower Shared Socioeconomic Pathways (SSPs 1–3) whereas an increase of 4.8°C is indicated under the higher SSP conditions. This emphasizes the importance of introducing improved cultural practices along with the selection of suitable drought-tolerant varieties. The present study clearly indicated that the introduction of reduced or zero tillage and short-duration lentil cultivars helps in regaining moisture within the profile and significantly contributes to the overall productivity of lentils in terms of ensuring superiority in growth, nodulation, phenophasic development, yield, nitrogen uptake, and the economics of cultivation in lentil crops. Early November is the ideal planting time for lentils cultivated under residual moisture conditions. These combinations of various treatments can help the farmers, especially in the rainfed/dryland region to have more yield by mitigating early cessation of the monsoon season along with sparse winter rainfall.
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Treatment Cost of cultivation (Rs.) Gross return (Rs.) Net return (Rs.) B:C ratio

2018-19 2019-20 2018-19 2019-20  2018- 2019-20 2018-19  2019-20
STV, 30940 33,480 68,773 74,286 37,833 40,806 222 222
SIT\V, 31,240 33,780 66,350 71,439 35,110 37,659 212 211
SIToV, 31,440 33,980 82,660 93,237 51,220 59,257 263 274
SIToV, 31,615 34,155 75,924 87,078 44,309 52,923 240 255
SITsV, 32,815 35,480 65,688 70,028 32,873 34,548 2.00 197
SIT5V, 32,990 35,655 61,532 66,348 28,542 30,693 1.87 1.86
STYV) 30940 33,480 67,883 73,667 36,943 40,187 219 220
STYV, 31,240 33,780 65,759 70,598 34,519 36,818 2.10 209
S;ToVy 31,440 33,980 80,950 89,523 49,510 55,543 257 263
S;ToV, 31,615 34,155 73,827 83,871 42,212 49,716 234 246
S,T5V, 32,815 35,480 63,195 66,495 30,380 31,015 193 1.87
$T3Va 32,990 35,655 60,184 64,127 27,194 28472 182 1.80

Price of lentil grain and stover = Rs. 60 kg™! and Rs. 1 kg™ (2018-19), Rs. 65 kg~! and Rs. 1.50 kg™! (2019-20).
S, Early sowing (1st week of November) after the harvesting of short-duration kharif rice; S, Delayed sowing (last week of November) after the harvesting of long-duration kharif rice; Ty,
Relay cropping; T3, Zero tillage; T3, Conventional tillage; Vy, Lentil short duration: L4717; V2, Lentil long duration: Moitri.
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Treatment ys to flower Flowering to pod Pod initiation to Life cycle sowing to

initiation initiation maturity maturity
2018-19 2019-20 2018-19 2019-20 2018-19 2019-20 2018-19  2019-20
STV, 797.50 794.00 256.40 284.35 480.50 456.05 1694.82 1715.88
STV, 804.50 811.00 259.95 296.60 524.60 489.80 1762.88 179250
SIT2V, 641.25 738.60 190.80 19655 466.55 43245 1426.72 1501.95
SIToV, 646.05 772.30 204.80 205.45 485.00 470.80 1470.13 1594.98
SIT5V, 661.15 878.20 287.30 283.15 667.50 627.60 1794.72 1958.10
SIT5V, 677.05 893.70 313.90 32045 718.10 67420 1900.15 2077.70
ST\V, 556.15 582.40 262.65 264.65 648.40 607.10 1600.35 1592.80
STV, 568.15 598.45 291.95 278.60 723.65 672.90 1734.65 1700.73
SToV, 464.75 480.30 256.15 22395 673.80 62245 149430 144525
SToV, 496.15 504.95 269.40 238.05 723.50 660.40 1597.88 1527.53
S,T5V, 612.25 588.15 386.85 378.80 952.40 928.20 2073.07 2018.43
$T3V2 625.15 60645 42425 437.90 1017.45 1007.75 2196.60 2189.08

$1, Early sowing (1st week of November) after the harvesting of short duration Kharif rice; S;, Delayed sowing (last week of November) after the harvesting of long duration Kharif rice; T,
Relay cropping; T2, Zero tillage; T3, Conventional tillage; Vy, Lentil short duration: L4717; V3, Lentil long duration: Moitri. Significant at P < 0.05. NS, Non-significant at P > 0.05.
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Days to flower initiation Flowering to pod initiation Pod initiation to maturity Sowing to maturity

2018-19 2019-20 2018-19 2019-20 2018-19 2019-20 2018-19 2019-20
Sowingcondition (S) s 432£02b 43905 203+0.1b 20.9 £ 0.5b 39.0 £0.2b 39.2£03b 1104 %0.1b 112140.2b
s2 43.9 £0.1a 44.7 £0.22 21.0£0.2a 2174 042 398 +0.1a 39.9 4 0.5 113.0+0.2a 1147 £ 0.1a
Tillage (T) T1 43.3£0.1b 43.640.2b 206+0.1b 2114 02b 396 +0.2b 39.6£0.1b 111240.2b 1124 %0.1b
T2 3964 0.2¢ 40.4 % 02¢ 180 0.1¢ 184%0.1¢ 36.040.2¢ 364 %0.2¢ 100.10.1c 1021 40.2¢
T3 47.8 4 0.1a 489+ 0.1a 2344022 244+ 0.1a 426+0.1a 42.7 £0.1a 123.740.2a 1257 40.1a
Variety (V) Vi 28+ 436+ 200+ 205+ 387+ 388+ 109.3 & 110.9 +
V2 42+ 450+ 2134 21+ 402+ 403+ 1141 % 1159+

$1., Early sowing (1st week of November) after the harvesting of short duration Kharif rice; Sz, Delayed sowing (last week of November) after the harvesting of long duration Kharif rice; T, Relay croppings T, Zero tillage; T, Conventional tillage; V1, Lentil short
duration: 14717; V3, Lentil long duration: Moitri. Significant at P < 0.05. NS, Non-significant at P > 0.05. Values are means = SEM (n = 3). Different letters indicate significant differences between means.
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Seed yield (kg ha=1) Total N uptake (kg ha=1)

2018-19 2019-20 2018-19 2019-20

Sowing condition (S) S, 1,131+ 852 1,185+ 115 80.28 % 87a 8724+ 42
S 1,108 & 105b 1,102 + 148b 71.25 4 25b 76.07 + 18b

Tillage (T) T 1,081 % 124b 1,092 + 135b 73.38 % 15b 77.80 £ 45b
T, 1,271 % 1542 1,310 128a 103.16 = 182 115.09 4 252

Ts 1,006 % 118¢ 1,028 + 147¢ 5075 + 26¢ 5208+ 12¢

Variety (V) Vi 1,154 % 1542 1,177 % 102a 79.35 % 12a 8595+ lda
v, 1,084 % 112 1,109 % 98b 72.18 % 10b 77.36 £ 16b

$1, Early sowing (1st week of November) after the harvesting of short duration Kharif rice; S5, Delayed sowing (last week of November) after the harvesting of long duration Kharif rice; T,
Relay cropping; T2, Zero tillage; T3, Conventional tillage; V1, Lentil short duration: L4717 V, Lentil long duration: Moitri. Significant at P < 0.05. NS, Non-significant at p > 0.05. Values are
means = SEM (n = 3). Different letters indicate significant differences between means.
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2018-19 2019-20 2018-19 2019-20 2018-19 2019-20

Sowing condition (S) S 287+ 1.2a 27.6%2.1a 89.2+ 12a 105.4 £ 12a 18.75£0.2a 1893 £0.2a
Sy 25.7 £ 1.4b 253+ 1.3b 86.8 + 15b 859 £ 12b 18.57 £ 0.5a 18.70 £ 0.4b
Tillage (T) T 258+ 1.4b 249+22b 87.4 % 18b 97.2+ 15b 18.70 £ 0.8b 18.64 £0.2b
T, 353%+21a 358 %2.0a 105.7 £ 17a 107.3 £ 17a 1930 £0.1a 19.95 £0.5a
Ts 204+ 1.2¢ 18.6 £ 1.4c 70.9 £21c 82.440.8¢ 18.00 & 0.4¢ 17.85 £ 0.4c
Variety (V) Vi 297+ Lla 286+ 1.2a 93.1+ 242 98.4 + 14a 18.90 £0.1a 19.05 £0.5a
v, 24.7 £ 1.0b 243+ 1.5b 82.9 +25b 92.8 £ 15b 18.45 £ 0.5b 18.60 % 0.8b

$1, Early sowing (Ist week of November) after the harvesting of short duration Kharif rice; S, Delayed sowing (last week of November) after the harvesting of long duration Kharif rice, Ty,
Relay cropping; Tz, Zero tillage; T3, Conventional tillage; V3, Lentil short duration: L4717; V3, Lentil long duration: Moitri. Significant at P < 0.05. NS, Non-significant at p > 0.05. Values are
means = SEM (n = 3). Different letters indicate significant differences between means.
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