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Abstract

:

Nitrogen management is vital for economic and environmental sustainability. Asynchrony of fertilizer application with crop demand along various nitrogen losses in Eastern India leads to low fertilizer efficiency in Kharif rice. At the same time, direct-sowing is gaining popularity due to water and labor scarcity. In an experiment between 2017–2018 in West Bengal, India, the main plots represented establishment methods: conventional transplanting, TPR; direct-seeded rice, DSR; and drum seeded rice, DRR; while subplots represented nitrogen management options: farmer’s practice (FP), the state-recommended (SR), nutrient expert-based (NE), Green seeker-based (GS) and LCC-based (LCC) in a split-plot design with three repetitions. Plant growth, productivity, and profitability were evaluated. All indicators of growth or production were affected by establishment methods and by N-management options. The yield enhancement of TPR and DSR over DRR was 21.1 and 16.8%, respectively, while it was enhanced by 19.21, 14.71, 6.49, and 2.52% by GS, NE, LCC, and SR, respectively, over FP. The highest net return and return per rupee invested were recorded with DSR, while both GS and NE had better economics. The results suggest that the combination of DSR establishment with GS or NE requires further studies to find climate-smart management techniques in Kharif rice.
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1. Introduction


Nitrogen (N) is a yield-limiting nutrient for rice in India [1] and its efficient use is crucial for economic and environmental sustainability [2]. During the last five decades, the use of nitrogenous fertilizer in cropping systems has been increased [3], but a gradual reduction has also been noted in the crop yield response and fertilizer N use efficiency [4]. Inefficient utilization of nitrogen is considered to be the most critical one among various reasons for this low productivity. India is occupied by a large rice area, accounting for 43.7 Mha [5]. Around 65% population of India depends on this cereal for their food security [6,7]. Hence, in India, food security is also synonymous with rice production security. In India, the crops which are usually sown at the beginning of the monsoon season around June and harvested in October–November are known as Kharif crops. The primary rice-growing season in India is the “Kharif”. The Kharif rice (grown between June to November) in India accounts for 89% of the total rice area and 85% of total rice production at all Indian levels [8]. The largest Kharif rice area is in Eastern India, such as Odisha, West Bengal, Eastern Uttar Pradesh, Bihar, and Chhattisgarh. Rice productivity in Eastern India is lower (2.0 to 3.0 tonnes ha−1). The current production of Kharif rice is 97.10 Mt. By 2050, to feed the projected population of 1.65 billion, rice demand will increase to 197.40 Mt. If 40% increase in Kharif rice production alone in suitable areas, production can be increased to 104.55 Mt [9].



In the early 1970s, Indian farmers were applying only 5% of the global fertilizer N, but since 2015 it has increased to 16% [10]. Blanket application of N fertilizer is the prime cause of low nitrogen use efficiency, increased cost of cultivation, and environmental degradation [11]. Due to substantial temporal and plot-to-plot unevenness in indigenous nitrogen supply of soil, broad-based N recommendations like state-recommended N application for rice cannot be helpful [12]. Real-time nitrogen management and site-specific nitrogen management (SSNM) are recent scientific approaches that ensure both increases in rice productivity and sustainability of the rice ecosystem. Nutrient expert is a nutrient estimation support tool that uses the concept of site-specific nutrient management and assists the extension functionaries in developing fertilizer recommendations customized to a specific field [13]. An optical sensor is an important tool of SSNM which uses crop biomass and nitrogen status of standing crop for fertilizer assessment [3].



While analyzing the cause of the low productivity of rice in Kharif conditions, it was observed that faulty rice establishment methods have a significant impact along with low nitrogen use efficiency. Successful cropping begins with good crop establishment. Over time, many rice establishment methods have been adopted depending on farmer’s willingness, input and technology availability [14]. The benefits of the conventional transplanted rice in puddled conditions are added to nutrient availability, weed control, and reduced percolation loss of water because of puddling. On the other hand, continuous conventional puddling caused soil structure damage, hard-pan formation, soil permeability reduction, and decline in groundwater table [15]. “Direct seeded rice (DSR)” refers to the process of establishing a rice crop from seeds sown in the field rather than by transplanting seedlings from the nursery [16]. DSR is a possible establishment technique for future generations to combat issues, such as water scarcity, labor shortage, and greenhouse gas emission [17]. The constraint of labor requirement at the peak stage of cultural practices and the higher cost of cultivation can be redressed through direct seeding by sidestepping nursery raising, seedling uprooting, and transplanting. The availability of better weed management technologies, herbicides, and escalating labor costs are encouraging many farmers to move to direct seeding [18,19]. Many rice varieties were recognized in different countries of the world to cultivate under different establishment methods successfully [20,21]. Under DSR, prescriptive N fertilizer application in two or three equal splits followed by a corrective GS guided N fertilizer application at panicle initiation stage can improve N fertilizer use efficiency without any yield loss compared with the general recommendation in North-western India [22]. A higher benefit-cost ratio was obtained in DSR than the transplanted rice using a site-specific nitrogen management tool [23].



Previous researchers have conducted many experiments to determine the yield differences between DSR and TPR under various agroclimatic regions. Some studies have indicated that due to multiple issues with TPR and comparable yield associated with higher net return in DSR [24], it became popular among farmers. However, in contrast to this, many other studies reported yield loss and instability in DSR [25,26]. Experiments conducted before on climate-smart tools like nutrient expert-based or green seeker-based N management were mainly in the high N application area, focusing on saving N with equivalent yield [27,28]. However, in West Bengal, where the Kharif rice is predominant, farmers apply less N than optimal [29,30]. Therefore, along with climate-smart agriculture strategies, our research aimed to find out the most productive and profitable option of different management aspects suited for different rice establishment methods.



Based on the above considerations, our experiments were carried out to find the best N management options suitable under different establishment methods. Therefore, the objectives of this study were to (1) quantify the effect of establishment methods and N demand-supply on rice growth parameters, yield attributes, and yield and to (2) identify the most cost-effective establishment methods and N management tools; so that the most productive and profitable climate-smart strategies can be identified.




2. Materials and Methods


2.1. Experimental Site


The experimental site was at Chellakamarpada (Birbhum district) village in farmer’s field, (23°62′ N latitude and 87°62′ E) in sandy loam soil under the red and lateritic belt (Ultisols) of West Bengal, India. The climate is subtropical. The area falls in the region of the southwest monsoon, and rain generally starts in the third week of June and receives an annual rainfall of about 1190 mm, of which about 80% is received a short duration of three months from mid-June to mid-September and the rest between October to May.



The crop received 1364.6 mm and 836.9 mm rainfall during the cropping period of 2017 and 2018. In 2017, crops received comparatively more rain during the crop establishment period that provided stress due to excess soil moisture. The meteorological data of the experimental site related to the weather conditions prevailing during crop seasons (from June 2017 to November 2017 in the first year) and (from June 2018 to November 2018 in the second year) with respect to rainfall, relative humidity, and temperature obtained from the agro-meteorological advisory services is presented in Figure 1.



The initial soil textural class and fertility status like pH (6.06), organic carbon content (0.36%), available N (185 kg ha−1), available P2O5 (26.6 kg ha−1), available K2O (270.6 kg ha−1) were determined in the laboratory at the beginning of the experiment and presented in Table 1.




2.2. Experimental Treatments and Design


The experiment was carried out for two consecutive years (2017 and 2018) in Kharif season. The research was conducted in a split-plot design comprising fifteen treatment combinations in 5 m × 4 m net plot size and replicated thrice. Three crop establishment methods, i.e., “conventional transplanted rice (TPR)”, “direct-seeded rice (DSR)”, and “drum seeded rice (DRR)” were arranged in main plots and five nitrogen management options, i.e., “farmers’ practice-based N management (FP)”, “State recommended based N management (SR)”, “Nutrient expert based N management (NE)”, “Green seeker based N management (GS)” and “LCC based N management (LCC)” were taken as subplot treatments.



In this experiment, TPR was considered the standard practice among the establishment methods, which is being followed by the majority of the farmers in this area. The performance of the practices like DSR and DRR were compared with the standard practice. Similarly, in N-management, the improved N management options were compared with the farmer’s practice.



2.2.1. Farmer’s Practice (FP)


In the farmer’s practice, fertilizer application was made as per the past 3 years’ fertilizer application information of the experimental paddy plot. A questionnaire for past years’ nutrient management was prepared, and information was collected from the farmer based on the questionnaire. A fertilizer dose of 68:46:37 kg ha−1 of N: P2O5:K2O was applied (Table 2). A total amount of phosphorus and potash were used as basal, and nitrogen was used in 3 splits.




2.2.2. State Recommended Nitrogen Application (SR)


In this treatment, fertilizer was applied as per the state recommended nutrient recommendations of West Bengal, i.e., 80:40:40 kg ha−1 of N: P2O5:K2O was applied (Table 2) with three splittings of nitrogen and two splittings of potash at different growth stages of rice [37].




2.2.3. Nutrient Expert Based Nitrogen Management (NE)


The nutrient Expert fertilizer decision tool is developed by The International Plant Nutrition Institute (IPNI), in collaboration with IIRR and other national partners, which provides field-specific fertilizer recommendations. In this present study, through a prepared questionnaire, information such as farmer’s current yield, characteristics of growing environment, soil fertility indicator (soil texture, color), crop sequence in the farmer’s cropping pattern, crop residue management, and fertilizer and organic manure inputs were collected from the farmer [38]. An experimental field-specific fertilizer recommendation was developed using collected information as input of Nutrient Expert® for Rice-South Asia (India) software tool. Based on the developed Rice-Recommendation sheet of the experimental plot of Kamarpara village in May 2017, fertilizers were applied in both years of the experiment. The total dose of phosphoric fertilizer and potassic fertilizers were applied at the basal with three splittings of N.




2.2.4. Greenseeker Handheld Crop Sensor (GS)


The Greenseeker handheld crop sensor (GS) was developed by Trimble agriculture as an active light source optical sensor used to measure plant biomass and displayed as NDVI (normalized difference vegetation index), which is used for N prescription recommendation [39]. In Green seeker-based nitrogen management, the basal dose and first top dressing of N fertilizer were applied as per nutrient expert-based nitrogen management, because of the interference of the exposed water background in reflectance measurements when the crop’s canopy was not fully developed [40,41]. The second top dressing at the panicle initiation stage was done as per the estimated fertilizer rate. Total phosphoric fertilizer and potassic fertilizers were applied as basal.




2.2.5. Leaf Color Chart (LCC)


The leaf color chart used in the experiment was developed by the Central Rice Research Institute (CRRI), Cuttack, India, which is now renamed as ICAR-National Rice Research Institute (ICAR-NRRI). Two times nitrogen was top-dressed when LCC < 3* with a basal dose of 26.5 kg N ha−1 as per the recommendation of customized leaf color chart for nitrogen management in rice for different ecology [42]. Phosphorus and potassic fertilizers were applied as per the state recommended.




2.2.6. Direct Seeded Rice (DSR)


In DSR, dry rice seeds were sown in line immediately after receiving favorable rain in moist but unsaturated soil before the onset of monsoon in both years of study.




2.2.7. Drum Seeded Rice (DRR)


In Drum seeded rice, direct seeding of pre-germinated paddy seeds was done through the fiber drums, which dispense seeds evenly in puddled and leveled fields.




2.2.8. Conventional Transplanting (TPR)


In the conventional transplanting (TPR) system, 21 days seedlings were transplanted manually in the puddled main field. Rice variety (HYV) “Pratikhya” was taken as an experimental crop variety. The dose of nutrients in all the treatment are presented in Table 2. In NE, attainable yield (Ya) was estimated through the Nutrient Expert fertilizer decision tool from maximum attainable yield (Ymax) for a geographic region or growing environment and farmers’ actual nutrient-limited yield (Y) [38]. (Ya) was considered as target yield in both NE and GS. The amount of N fertilizer was calculated based on the grain yield targets 5 t ha−1 in NE and GS.





2.3. Experimental Procedure


In TPR, seedlings were grown in a wet nursery. Seeds were treated with Thiram 75% WP @ 2 gm kg−1 of seed to prevent fungal diseases. For nursery raising, raised bed was laid out near the main field. In TPR and DRR methods of establishment, after the final puddling, planking and leveling were done. The beds were leveled vigilantly so that water would not stagnate at any place on the bed. Well-decomposed farmyard manure (FYM) was applied on the bed as per the local farmer’s practice. In DRR, after puddling and land leveling, excess water was drained out the day before drum seeding. To achieve the successful establishment of DSR, the plot was ploughed two times with a disc harrow after tillage with a cultivator and followed by one planking to make ready a fine seedbed for seeding. Sowing in the nursery bed for seedling raising in TPR and sowing in the main field in DSR and DRR was done on the same day. Under TPR of transplanting, 21–22 days old seedlings were planted in a leveled field @ 2–3 seedlings/hill at a 20 cm × 10 cm spacing. In DSR, treated dry seeds were sown in line @ 2–3 seeds/hill with the same spacing (20 cm × 10 cm). In DRR, soaked and pre-germinated seeds were sown with an eight-row seed drum, in line with spacing (20 cm × 8 cm). The seed drum was filled up to two-thirds of capacity. One of the funnel-shaped holes of the drum seeder was blocked by the cap to change the plant to plant spacing to 8 cm. The crop was sown on 25 June 2017 and 16 June 2018.



The fertilizers were applied in the plots after layout as per treatments (Table 2). An N-rich strip was maintained within the field in a small area where enough fertilizer had been applied. This N-rich strip was taken as a reference area, and the normalized difference vegetation index (NDVI ref) value reading was recorded. By taking the NDVI ref, NDVI value of the experimental plot, and fertilizer estimation chart, the fertilizer rate was obtained for the GS.




2.4. Measurements and Analytical Procedures


2.4.1. Growth and Yield Attributes


The height of ten plants was recorded, and the mean value was calculated and expressed in centimeters (cm). The number of tillers was counted by using 1 m × 1 m quadrate from the second row. Leaving the first row from the border of each side of a plot, destructive samples were taken from the second row to record biometric observations, such as dry matter accumulation (gm−2) and leaf area index (LAI). To determine the dry matter accumulation, rice plants were cut at ground level from each plot randomly as destructive samples. For leaf area, the representative green leaves were taken randomly from destructive samples, and their areas were recorded by leaf area meter. The destructive samples were dried in a hot air oven at 80 °C for 10 h until constant weights were obtained as per the standard procedure [43]. The recorded dry weights of plants and leaves were used to calculate dry matter accumulation and leaf area index. The ratio of the recorded leaf area and dry weight of these leaves was used to measure the leaf area indices, since LAI is the area of leaf surface per unit of the land surface [44,45] (Equation (1)).




   Leaf area index =  Leaf area ground area    



(1)





Five plants were harvested, dried and their yield attributes were recorded.




2.4.2. Yield


The grain yield obtained from each treatment in the net plot area was sundried, threshed, winnowed, and cleaned. After that, the weight of the grains per net plot was recorded at 14% moisture with the help of electronic balance. Each treatment’s grain yield per hectare was calculated from the net plot yield and expressed in kg ha−1.




2.4.3. Economics


The total cost of production ha−1 for each treatment was calculated based on the current market rate of inputs like seed, fertilizer, herbicide, pesticide. Hired machinery costs for land preparation, sowing, and threshing, labor cost, irrigation costs were were also added to production costs. Gross return was calculated based on the products’ prevailing market price, and accordingly, net return was calculated. Dividing this net return by the cost of cultivation, we obtained the return per rupee invested. Based on the return per rupee (Indian currency) invested, the most beneficial treatment for the crop sequence was determined (Equation (2)).




   Return per rupee invested =  Net return cost of cultivation    



(2)







2.5. Calculations and Statistical Analysis


The experimental data were analyzed statistically by using analysis of variance (ANOVA). The standard error of means (SEm±) and the critical difference at a 5% probability level of significance (CD, p ≤ 0.05) [46]. Excel software (Microsoft Office Home and Student version 2019-en-us, Microsoft Inc., Redmond, Washington, DC, (USA) was used for statistical analysis and drawing graphs and figures.





3. Results


3.1. Growth Parameter


The pooled data for two years of study are presented in Table 3 to show the impact of establishment methods and nitrogen management on plant height (cm) at harvest and tillers m−2 at the maximum tillering stage of the “Pratikhya” variety of rice grown in Kharif conditions. The observations showed that establishment methods influenced the plant height of rice in 2018, and DSR recorded significantly taller plant height than TPR and DRR at harvest. (Table 3). Pooled data for two years did not show any significant impact in increasing plant height among different establishment methods. NE and GS exhibited the highest plant height among different N management treatments, while LCC, SR, and FP presented significantly lower plant height than NE. LCC showed significantly higher plant height than FP (Table 3).



The data on the number of tillers per unit area (m−2) revealed that the crop establishment methods and nitrogen management influenced the tillers production in “Pratikhya” Kharif rice in both the years of experimentation (Table 3). The treatment TPR being statistically on par with DSR produced a significantly greater number of tillers than the DRR method of rice establishment during both years. Pooled data for two years also showed a similar trend. Among the N management options, FP resulted in significantly lowest tillers production of “Pratikhya” Kharif rice over other treatments in the study. The data of individual years and pooled data showed that GS and NE treatments remained statistically on par in production of the number of tillers per unit area at 75 DAS. These two treatments were significantly superior to other treatments.



Year-wise and pooled data on dry matter accumulation were presented in Table 4 indicated that nitrogen management and establishment methods significantly influenced dry matter accumulation (gm−2) of “Pratikhya” Kharif rice. Among the different rice establishment methods, TPR showed its significant superiority over other two methods, namely DSR and DRR in dry matter production in the harvest stage of “Pratikhya” kharif rice in 2017; but in 2018, DSR resulted in significantly more dry matter accumulation than TPR and DRR. Based on pooled data, DSR and TPR recorded significantly more dry matter production (gm−2) than DRR. In N management, a similar trend was noted in individual years and the pooled data (Table 4). The N management treatments, such as NE and GS, resulted in significantly more dry matter accumulation over other treatments.



Data on leaf area index (LAI) revealed that TPR was statistically on par with DSR, registered significantly higher values of LAI at 95 DAS than DRR rice in 2017 and pooled data (Table 4). Among different N management treatments, NE registered higher values in LAI during both the years, and GS closely followed it; however, these two treatments were statistically on par as reflected in individual years’ data. But pooled data registered the significant superiority of the treatment NE over other treatments. N management in FP resulted in the least values of LAI of “Pratikhya” Kharif rice at 95 DAS.




3.2. Grain Yield and Yield Attributes


The individual years and pooled data on yield attributes of “Pratikhya” rice under Kharif season indicated that crop establishment methods and nitrogen management influenced the yield parameters and yield (Table 5; Figure 2 and Figure 3). The effect of treatments on yield attributes and yield are narrated in the following segment. The present study revealed that the treatment TPR being statistically on par with DSR registered significantly higher effective tillers m−2 than the DRR method of crop establishment as noted in individual years and pooled data. N management treatments also significantly affected effective tillers. GS-based N management being statistically on par with NE-based nutrient management resulted in significantly superior to other treatments. FP-based N management showed poor performance in comparison to others. The pooled data revealed that SR, LCC, NE, and GS increased effective tillers over farmer’s practice by 4.36, 7.8, 16.40, and 22.88%, respectively.



The number of filled grains panicle−1 is an important yield attributing character influencing the productivity of “Pratikhya” Kharif rice. The results revealed that the conventional TPR resulted in significantly higher filled grains panicle−1 than the other two methods, viz, DSR and DRR in “Pratikhya” under Kharif 2017 (Table 5). DSR and DRR remained statistically on par in an expression of filled grains panicle−1. Pooled data also showed a similar trend as noted in 2017. N management treatments influenced filled grains panicle−1 of “Pratikhya” Kharif rice. The treatment GS recorded significantly higher filled grains panicle−1 than other treatments, namely, FP, SR, LCC, and NE-based nitrogen management.



Grain and straw yields of “Pratikhya” Kharif rice were influenced by the crop establishment method and nitrogen management. The result of the treatments on grain and straw yield of rice in the present experiment was narrated in the following segment. During both years, grain yield was influenced by rice establishment methods (Table 6). In 2017, the TPR method of crop establishment produced more grain yield, and during 2018, DSR yielded more rice grains, but there was no significant difference between TPR and DSR during both years. TPR and DSR produced significantly higher grain yields than DRR (Table 6).



The pooled data showed a similar trend as noted in 2017. Among the N management treatments, GS being statistically on par with NE, registered a significantly higher grain yield than other treatments, such as FP, SR, and LCC, as noted in individual years and pooled data (Table 6). The pooled data showed that yield enhancement in GS and NE was 19.2% and 14.7% over FP. LCC recorded a significantly lower yield than GS and NE. Crop establishment methods impacted on straw yield of “Pratikhya” under Kharif rice (Table 6). The maximum straw yield was recorded with TPR during both years, and pooled data also showed a similar trend. However, data of 2017 and pooled data showed that TPR produced significantly higher straw yield than the other two establishment methods, namely, DSR and DRR. But in 2018, TPR being statistically on par with DSR, produced significantly more straw yield than DRR. Among N management treatments, NE resulted in the maximum straw yield. In 2017, NE being statistically on par with GS and LCC, produced significantly higher straw yield than FP and SR. But the data of 2018 and pooled data revealed that NE being statistically on par with GS, had significantly more straw yield than other treatments, namely, FP, SR, and LCC. The percentage increase in straw yield of NE, GS, LCC, and SR over FP was 19.19, 14.94, 10.40, and 6.08%, respectively.




3.3. Economics


Based on pooled data (Table 7), the result showed that the maximum gross return per hectare (Rs. 110,121 ha−1) was recorded with TPR, but no significant variation was observed between TPR and DSR. The conventional transplanting fetched Rs. 5122 ha−1 higher gross return than direct-seeded rice and Rs. 19,249 ha−1 higher gross return than drum seeded rice (Table 7).



But DSR recorded the highest net return per hectare (Rs. 63,726 ha−1) due to less cost of cultivation involved in DSR in puddling and transplanting operation. DSR fetched more net return of (+ Rs. 1457 ha−1) than TPR, but there was no significant variation in net return between TPR and DSR. The maximum return per rupee invested (Rs. 2.54) was recorded with DSR, and it was significantly higher than TPR (Rs. 2.30) (Table 7). GS fetched a more gross return of Rs. 17,118 ha−1, Rs. 14,027 ha−1, Rs. 10,241 ha−1, and Rs. 2426 ha−1 compared to FP, SR, LCC, and NE, respectively (Table 7). The same trend was observed with net return ha−1. GS fetched more net return of (+ Rs. 16,798 ha−1), (+ Rs. 13,725 ha−1), (+Rs. 9932 ha−1) and (+Rs. 2836 ha−1) than FP, SR, LCC, and NE, respectively. There was no significant difference in gross return and net return between GS and NE. The highest return per rupee invested (Rs. 2.52) was recorded in GS, which was statistically on par with NE (Rs. 2.44) (Table 7).





4. Discussion


4.1. Growth Parameter


Weather and the rainfall pattern during the seeding and early establishment stage greatly influenced growth variation between DSR and TPR. Similar results were reported from the previous research [23,47,48]. The highest plant height was in NE treatment, followed by the state recommended dose and farmer field practice due to site-specific balanced fertilizer application as per demand in NE [49]. All treatments received more N than FP, and NE received maximum N. Probably, such expression of plant height is due to the N factor as N is known to increase plant height in rice. NE with more N might have resulted in elongation of internodes reflected in enhanced plant height [50].



The lower tiller number in DSR or DRR might be due to the fact that net photosynthate production was lower with these establishment methods than TPR [51,52]. Nitrogen is known to promote growth and tillering, and the treatments NE and GS received more N than other treatments. Because receiving more N, NE, and GS treatments produced more tillers in “Pratikhya” Kharif rice. The present study results conform to earlier research which mentioned more tillering due to higher leaf N content due to more N application [53,54]. In the first year (2017), rainfall affected the establishment of DSR adversely, but in the second year (2018), the rainfall pattern favored the initial establishment of rice crops and subsequent dry matter production. A similar type of observation was also reported in the previous experiment [55]. Therefore, DSR under favorable agroclimatic conditions might result in greater biomass production [56].



Site-specific N management, namely NE and GS, showed a positive impact in improving dry matter production in “Pratikhya” under Kharif condition rice as these treatments received more N than the remaining treatments. NE optimized fertilization management based on the 4R concept to harmonize crop nutrient requirement and application during the growing season [57]. Similarly, GS has also known as a reliable precision tool for N management and biomass production and superior to traditional practices [58]. Nutrient expert and Green Seeker-based nutrient management treatments received a higher dose of N and N has the most noticeable effect on LAI by increasing the number of tillers and leaf size [54]. The findings corroborate with earlier research [59], where differences in LAI due to the rice establishment method were observed [60,61,62].




4.2. Yield and Yield Parameter


Earlier findings [63] also noted higher panicles in rice with direct seeding and transplanting. TPR and DSR also produced a more significant number of effective tillers m−2. Enhancing effective tillers m−2 with these two treatments was probably due to proper partitioning of dry matter from source to sink. Earlier research also indicated the superiority of GS in the enhancement of effective tillers [40]. The impact of the establishment method on filled grains panicle−1 of rice was also proved by an earlier study [64]. The superior tiller growth with the photosynthates in functional leaves after heading in TPR may enhance the source for grain filling resulting in higher filled grain per panicle [65]. On the other hand, comparatively small sink capacity or insufficient source content and export might be the reason for low filled grain per panicle in DSR and DRR [66].



Earlier, several findings confirmed that rice grain and straw yield were influenced by the crop establishment method [67] and nitrogen management [68]. In our present study, the difference in grain yield of rice with DSR method between two years was probably due to climatic variation, i.e., higher rainfall in 2017 immediately after seeding and during the crop establishment period. In direct seeding, due to climatic factors and irregular stand establishment, rice yield was affected, as mentioned by earlier studies [69,70,71,72,73]. The yield variation between DSR and TPR is determined by climate and soil properties. Significant yield loss was reported in DSR due to climatic stress. DSR relative yield was −25% when unbalanced climate stress occurred, whereas it was only −7% without climate stress [74]. DSR could produce comparable yields to TPR but is more prone to yield losses due to inappropriate management practices, unsuitable soil properties, and climatic stresses. Wet seeding in puddled soil might be less suitable on soils prone to cracking and when there is a chance of rainfall after seeding unless fields are well-leveled and with good surface drainage systems [75]. Poor establishment in DSR can result from seed rotting and seedling damage if rain is immediate after sowing and continues for few days, which eventually negatively impacts growth and productivity [76,77]. Heavy rain, especially in heavier clay soils after sowing, tends to have poor distribution, germination, and emergence [78]. Although TPR and DSR were recorded statistically on par yield, numerically, TPR obtained a higher yield than DSR, which can be better explained due to the higher number of filled grain in TPR [79]. TPR resulted in significantly more filled grains panicle−1 than DSR and DRR due to 15% higher floret fertility in the TPR than DSR [75]. Grain yield was positively correlated with the yield attributing characters (panicle m−2 and number of grains panicle−1) of “Pratikhya” Kharif rice. In our present study, a higher correlation was found between the number of filled grains per panicle with grain yield (r = 0.84**, data was not displayed in this paper), and the regression equation indicated that 70% of the total variation in yield could be explained by the linear relation between the number of filled grains per panicle and grain yield.



In the current study, both GS and NE based N management expressed higher growth parameters, namely, dry matter production, LAI, number of tillers m−2 and yield attributes (particularly, panicles m−2 and number of grains panicle−1), and the impact of these characters was reflected in the productivity of rice. Regression study indicates that the number of panicle m−2 is correlated with yield, and 55% of the total variation in yield can be explained by the linear relation between the number of panicle m−2 and yield. Earlier research also evidenced GS and NE-based precision nutrient management in rice [2,80,81]. The number of filled grains per panicle was higher in GS, contributing significantly to grain yield [40,49,80,82]. By recommending a moderate amount of basal nitrogenous fertilizer at transplanting, enough N fertilizer in between active tillering and panicle initiation stage, and optical sensor-directed fertilizer N dose at panicle initiation stage, higher yield and nitrogen use efficiency can be achieved in transplanted rice [40]. Growth attributes and grain yield positively correlate with the canopy NDVI of rice [83]. GS considers leaf greenness and plant biomass compared to LCC, which determines nitrogenous fertilizer only based on leaf color, so GS may be considered a better N management tool even in not very well managed rice fields [40,58]. NE recorded a higher yield than SR and FP due to yield parameters, i.e., panicle m−2 [84] and filled grain per panicle [49]. The poor performance with DRR in the production of straw yield was probably due to inferior dry matter accumulation.TPR provided a uniform crop stand, and TPR superiority was observed from the earlier research [85,86]. Higher straw yields of NE and GS were probably due to more dry matter accumulation by the treatments. The results conform with other research [87,88].




4.3. Economics


Higher return per rupee invested in DSR, compared to TPR and DRR, suggests that DSR is more cost-effective than other treatments. A similar observation was recorded by previous researchers [89]. A higher gross return was obtained from the transplanted method, but a higher net return and benefit–cost ratio were noted from the DSR method [90]. Most of the cost-saving in DSR came from avoiding nursery establishment and reduced labor in crop establishment as DSR required only 9% of the total cost, while it required 23% in TPR [91]. Despite the higher costs associated with an increased dose of N in NE, a higher income was obtained from yield gain than other treatments [2]. Previous research also confirmed as compared to FP, SSNM recorded an increase in yield by 7% and profitability by 12% [92]. NE is the better option over other nutrient management regarding yield and profit [60,93]. SSNM had a positive and significant effect on the economics of the “Pratikhya” Kharif rice variety. In our study, the highest return per rupee invested was in GS and NE due to higher yield and net return although higher production costs in these two treatments. There are vast possibilities to practice precision farming technologies in India using inexpensive and handy gadgets like LCCs and expensive devices like optical sensors [89].





5. Conclusions


In conclusion, the two years field study on crop establishment methods of “Pratikhya” Kharif rice indicated that DSR could obtain comparative growth, yield attributes, and yield with TPR in the Kharif rice system of the red and lateritic belt of West Bengal. Seed sowing in DSR and DRR should be done before the onset of monsoon for better establishment and a comparable yield with TPR. Poor establishment and growth attributes in drum seeding field management practices resulted in lower yield. The growth parameters, yield attributes (panicle m−2 and grains per panicle), and grain yield of “Pratikhya” Kharif rice variety were enhanced with site-specific nitrogen management like GS, NE, and LCC based N management compared to blanket application. Due to the lesser cost of cultivation and higher return per rupees invested, DSR proved to be more economically viable than TPR or DRR. GS and NE can be considered a more economical remunerative N management option in the experimental field of Birbhum. Based on present results, it could be concluded that DSR an alternative of transplanted rice and optimization of N application with site-specific nutrient management like GS and NE as a better N management option in terms of growth, productivity, and profitability of rice production in the Kharif season under the red and lateritic belt of sub-tropical India. Further research is needed to work out the prescriptive N management to be followed at transplanting and active tillering before applying Green seeker-based fertilizer dose at the panicle initiation stage and to evaluate the N management and crop establishment methods under various agro-climatic zones and varieties.
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Figure 1. Fortnightly (FN) weather parameters in both crop seasons during 2017 and 2018. 
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Figure 2. Linear regression between yield (kg ha−1) and panicles (m−2) of “Pratikhya” Kharif rice variety. 
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Figure 3. Linear regression between yield (kg ha−1) and filled grain/panicle (no.) of “Pratikhya” Kharif rice variety. 
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Table 1. Initial soil fertility status.






Table 1. Initial soil fertility status.





	Particulars
	Value
	Methods Followed





	Soil textural classes
	Sandy loam
	-



	Sand (%)
	72.6
	Hydrometer method [31]



	Silt (%)
	17.8
	Hydrometer method [31]



	Clay (%)
	9.6
	Hydrometer method [31]



	Soil pH
	6.06
	Determined with the help of pH meter in 1:2.5 ratio of soil water suspension [32]



	Electrical conductivity (EC) (dS m−1)
	0.22
	Using conductivity meter [32]



	Organic carbon (%)
	0.36
	Volumetric weight combustion method [33]



	Available nitrogen (kg ha−1)
	185
	Alkaline permanganate method [34]



	Available phosphorus (kg ha−1)
	26.6
	Brays method No.1 [35]



	Available potassium (kg ha−1)
	270.6
	Flame photometer method [36]
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Table 2. Treatment wise N, P2O5 and K2O application dose.
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Treatment

	
Total N

Applied

	
Total P2O5

Applied

	
Total K2O

Applied




	
(kg ha−1)

	
(kg ha−1)

	
(kg ha−1)






	
Farmer’s practice (FP)




	
Conventional transplanted rice (TPR)

	
68

	
46

	
37




	
Direct seeded rice (DSR)

	
68

	
46

	
37




	
Drum seeded rice (DRR)

	
68

	
46

	
37




	
State recommended based N management (SR)




	
Conventional transplanted rice (TPR)

	
80

	
40

	
40




	
Direct seeded rice (DSR)

	
80

	
40

	
40




	
Drum seeded rice (DRR)

	
80

	
40

	
40




	
Nutrient expert based N management (NE)




	
Conventional transplanted rice (TPR)

	
118

	
37

	
51




	
Direct seeded rice (DSR)

	
118

	
37

	
51




	
Drum seeded rice (DRR)

	
118

	
37

	
51




	
Green seeker based N management (GS)




	
Conventional transplanted rice (TPR)

	
92.9

	
37

	
51




	
Direct seeded rice (DSR)

	
95.3

	
37

	
51




	
Drum seeded rice (DRR)

	
97.6

	
37

	
51




	
Leaf color chart based N management (LCC)




	
Conventional transplanted rice (TPR)

	
79.6

	
40

	
40




	
Direct seeded rice (DSR)

	
79.6

	
40

	
40




	
Drum seeded rice (DRR)

	
79.6

	
40

	
40
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Table 3. Influence of crop establishment method and nitrogen management on plant height (cm) and the number of tillers m−2 of “Pratikhya” Kharif rice variety.
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Treatments

	
Plant Height (cm)

	
Number of Tillers m−2




	
At harvest

	
At 75 DAS




	
2017

	
2018

	
Pooled

	
2017

	
2018

	
Pooled






	
Establishment method




	
TPR

	
117.7 a

	
102.1 b

	
109.9

	
350.9 a

	
343.5 a

	
347.2 a




	
DSR

	
111.8 a

	
118.6 a

	
115.2

	
321.2 b

	
329.4 a

	
325.9 ab




	
DRR

	
114.4 a

	
107.0 b

	
110.6

	
299.5 b

	
306.5 b

	
300.0 b




	
SEm±

	
2.0

	
2.0

	
1.4

	
7.1

	
6.9

	
7.0




	
CD at 5%

	
NS

	
7.9

	
NS

	
27.8

	
27.2

	
27.7




	
Nitrogen management




	
FP

	
107.0 c

	
101.8 c

	
104.4 d

	
285.4 c

	
281.4 c

	
283.7 c




	
SR

	
111.9 bc

	
104.4 c

	
108.2 c

	
306.8 bc

	
312.6 b

	
308.6 b




	
NE

	
122.2 a

	
119.2 a

	
120.7 a

	
347.2 a

	
360.9 a

	
353.2 a




	
GS

	
118.4 ab

	
113.0 ab

	
115.7 b

	
364.7 a

	
357.0 a

	
360.0 a




	
LCC

	
113.7 abc

	
107.7 bc

	
110.7 c

	
315.2 b

	
320.4 b

	
316.3 b




	
SEm±

	
3.2

	
2.6

	
2.1

	
8.2

	
8.8

	
8.2




	
CD at 5%

	
9.4

	
7.7

	
5.9

	
23.9

	
25.8

	
23.9




	
Interaction effect

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS








Different lowercase letters within the continuous columns are significantly different at 5% level of probability in Duncan’s multiple ranges test (DMRT). Note: Conventional transplanting (TPR), direct-seeded rice (DSR) and drum seeded rice (DRR); farmer’s practice (FP), the state recommended (SR), nutrient expert based (NE), Green seeker based (GS), leaf color chart (LCC) and non-significant (NS).
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Table 4. Influence of crop establishment method and nitrogen management on dry matter accumulation (gm−2) and leaf area index of “Pratikhya” Kharif rice variety.
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Treatments

	
Dry Matter Accumulation (gm−2)

	
Leaf Area Index (LAI)




	
at Harvest

	
at 95 DAS




	
2017

	
2018

	
Pooled

	
2017

	
2018

	
Pooled






	
Establishment method




	
TPR

	
1274.1 a

	
1129.2 b

	
1201.7 a

	
4.97 a

	
4.52

	
4.74 a




	
DSR

	
1020.8 b

	
1462.4 a

	
1241.6 a

	
4.70 a

	
4.39

	
4.54 a




	
DRR

	
980.9 b

	
1093.9 b

	
1037.4 b

	
4.12 b

	
4.24

	
4.18 b




	
SEm±

	
22.1

	
45.9

	
29.6

	
0.08

	
0.13

	
0.08




	
CD at 5%

	
87.0

	
180.3

	
116.4

	
0.33

	
NS

	
0.26




	
Nitrogen management




	
FP

	
948.2 c

	
1051.1 c

	
999.6 b

	
4.22 c

	
3.97 c

	
4.09 d




	
SR

	
1022.6 c

	
1163.0 bc

	
1092.8 b

	
4.30 c

	
4.23 bc

	
4.27 d




	
NE

	
1278.2 a

	
1428.5 a

	
1353.4 a

	
5.15 a

	
4.74 a

	
4.95 a




	
GS

	
1169.9 b

	
1315.2 ab

	
1242.5 a

	
4.82 ab

	
4.53 ab

	
4.67 b




	
LCC

	
1040.9 c

	
1184.8 bc

	
1112.9 b

	
4.49 bc

	
4.45 ab

	
4.47 c




	
SEm±

	
35.6

	
77.3

	
43.2

	
0.12

	
0.12

	
0.08




	
CD at 5%

	
103.9

	
225.5

	
126.2

	
0.34

	
0.35

	
0.24




	
Interaction effect

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS








Different lowercase letters within the continuous columns are significantly different at 5% level of probability in Duncan’s multiple ranges test (DMRT). Note: Conventional transplanting (TPR), direct-seeded rice (DSR) and drum seeded rice (DRR); farmer’s practice (FP), the state recommended (SR), nutrient expert based (NE), Green seeker based (GS), leaf color chart (LCC) and non-significant (NS).
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Table 5. Influence of crop establishment methods and nitrogen management on yield attributes of “Pratikhya” Kharif rice variety.
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Treatments

	
Effective Tillers m−2

	
Filled Grains/Panicle

	
Test Weight (g)




	
2017

	
2018

	
Pooled

	
2017

	
2018

	
Pooled

	
2017

	
2018

	
Pooled






	
Establishment method




	
TPR

	
287.6 a

	
277.2 a

	
282.4 a

	
104.2 a

	
96.8 a

	
100.5 a

	
26.4

	
25.8

	
26.1




	
DSR

	
279.7 a

	
263.4 ab

	
271.5 a

	
86.2 b

	
93.3 b

	
89.7 b

	
25.7

	
26.0

	
25.9




	
DRR

	
245.2 b

	
240.6 b

	
242.9 b

	
83.1 b

	
86.6 b

	
84.8 b

	
25.0

	
24.9

	
25.0




	
SEm±

	
7.9

	
7.0

	
5.2

	
3.3

	
2.8

	
2.2

	
0.4

	
0.5

	
0.3




	
CD at 5%

	
30.8

	
27.3

	
17.1

	
13.0

	
NS

	
7.0

	
NS

	
NS

	
NS




	
Nitrogen Management




	
FP

	
231.9 c

	
249.7 b

	
240.8 c

	
79.2 b

	
82.5 c

	
80.9 d

	
23.6

	
24.7

	
24.1




	
SR

	
249.4 bc

	
253.1 b

	
251.3 c

	
86.2 b

	
84.3 c

	
85.3 c

	
25.2

	
25.5

	
25.3




	
NE

	
295.4 a

	
265.2 ab

	
280.3 ab

	
97.4 a

	
97.5 b

	
97.5 b

	
26.4

	
26.6

	
26.5




	
GS

	
313.9 a

	
277.9 a

	
295.9 a

	
106.1 a

	
107.1 a

	
106.6 a

	
26.4

	
25.6

	
26.0




	
LCC

	
263.4 b

	
256.1 b

	
259.8 bc

	
86.9 b

	
89.6 bc

	
88.3 c

	
27.0

	
25.6

	
26.3




	
SEm±

	
9.3

	
6.6

	
5.7

	
3.2

	
3.1

	
2.2

	
0.9

	
0.7

	
0.6




	
CD at 5%

	
27.0

	
19.2

	
16.1

	
9.2

	
9.2

	
6.3

	
NS

	
NS

	
NS




	
Interaction effect

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS








Different lowercase letters within the continuous columns are significantly different at 5% level of probability in Duncan’s multiple ranges test (DMRT). Note: Conventional transplanting (TPR), direct-seeded rice (DSR) and drum seeded rice (DRR); farmer’s practice (FP), the state recommended (SR), nutrient expert based (NE), Green seeker based (GS), leaf color chart (LCC) and non-significant (NS).
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Table 6. Influence of crop establishment methods and nitrogen management on yield of “Pratikhya” Kharif rice variety.
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Treatments

	
Grain Yield (kg ha)

	
Straw Yield (kg ha)




	
2017

	
2018

	
Pooled

	
2017

	
2018

	
Pooled






	
Establishment method




	
TPR

	
4990 a

	
4513 a

	
4751 a

	
6359 a

	
5940 a

	
6150 a




	
DSR

	
4491 a

	
4671 a

	
4581 a

	
5676 b

	
5594 a

	
5635 a




	
DRR

	
3750 b

	
4095 b

	
3923 b

	
5130 c

	
5002 b

	
5066 b




	
SEm±

	
136

	
99

	
84

	
138

	
126

	
93




	
CD at 5%

	
534.3

	
390.1

	
274.8

	
542.7

	
492.7

	
304.4




	
Nitrogen Management




	
FP

	
4114 b

	
4024 c

	
4069 c

	
5151 c

	
5050 d

	
5100 d




	
SR

	
4155 b

	
4188 bc

	
4172 bc

	
5543 bc

	
5278 cd

	
5411 c




	
NE

	
4682 a

	
4653 ab

	
4668 a

	
6191 a

	
5967 a

	
6079 a




	
GS

	
4795 a

	
4906 a

	
4851 a

	
5981 ab

	
5744 ab

	
5862 ab




	
LCC

	
4306 ab

	
4360 abc

	
4333b

	
5742 ab

	
5520 bc

	
5631 bc




	
SEm±

	
161

	
186

	
123

	
183

	
115

	
108




	
CD at 5%

	
470.8

	
541.9

	
349.7

	
533.1

	
336.3

	
307.0




	
Interaction effect

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS








Different lowercase letters within the continuous columns are significantly different at 5% level of probability in Duncan’s multiple ranges test (DMRT). Note: Conventional transplanting (TPR), direct-seeded rice (DSR) and drum seeded rice (DRR); farmer’s practice (FP), the state recommended (SR), nutrient expert based (NE), Green seeker based (GS), leaf color chart (LCC) and non-significant (NS).
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Table 7. Influence of crop establishment methods and nitrogen management on the economics of “Pratikhya” Kharif rice variety.
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Treatments

	
Gross Return (Rs/ha)

	
Net Return (Rs/ha)

	
Return per Rupee Invested (Rs/ha)




	
2017

	
2018

	
Pooled

	
2017

	
2018

	
Pooled

	
2017

	
2018

	
Pooled






	
Establishment method




	
TPR

	
115,257 a

	
104,985 a

	
110,121 a

	
67,709 a

	
56,830 b

	
62,269 a

	
2.42 a

	
2.18 b

	
2.30 b




	
DSR

	
103,548 b

	
106,450 a

	
104,999 a

	
62,549 a

	
64,902 a

	
63,726 a

	
2.53 a

	
2.56 a

	
2.54 a




	
DRR

	
88,020 c

	
93,724 b

	
90,872 b

	
46,007 b

	
51,111 b

	
48,559 b

	
2.09 b

	
2.20 b

	
2.15 c




	
SEm±

	
2947

	
1919

	
1758

	
2947

	
1919

	
1758

	
0.07

	
0.05

	
0.04




	
CD at 5%

	
11,567

	
7534

	
5733

	
11,567

	
7534

	
5733

	
0.27

	
0.18

	
0.14




	
Nitrogen management




	
FP

	
94,656 c

	
92,627 b

	
93,642 c

	
51,359 b

	
48,730 c

	
50,045 c

	
2.19 b

	
2.12 c

	
2.16 c




	
SR

	
96,965 c

	
96,501 b

	
96,733 bc

	
53,651 b

	
52,586 bc

	
53,118 bc

	
2.23 b

	
2.21 bc

	
2.22 bc




	
NE

	
109,036 ab

	
107,632 a

	
108,334 a

	
65,009 a

	
63,004 ab

	
64,007 a

	
2.47 a

	
2.42 ab

	
2.44 a




	
GS

	
110,236 a

	
111,283 a

	
110,760 a

	
66,583 a

	
67,102 a

	
66,843 a

	
2.52 a

	
2.52 a

	
2.52 a




	
LCC

	
100,481 bc

	
100,556 ab

	
100,519 b

	
57,173 ab

	
56,649 ab

	
56,911 b

	
2.32 ab

	
2.30 abc

	
2.31 b




	
SEm±

	
3170

	
3569

	
2387

	
3170

	
3569

	
2387

	
0.07

	
0.08

	
0.05




	
CD at 5%

	
9251

	
10415

	
6785

	
9251

	
10415

	
6785

	
0.21

	
0.23

	
0.15




	
Interaction effect NS

	
NS

	
NS

	
NS

	
NS

	
NS

	
NS








Different lowercase letters within the continuous columns are significantly different at 5% level of probability in Duncan’s multiple ranges test (DMRT). Note: Conventional transplanting (TPR), direct-seeded rice (DSR) and drum seeded rice (DRR); farmer’s practice (FP), the state recommended (SR), nutrient expert based (NE), Green seeker based (GS), leaf color chart (LCC) and non-significant (NS).
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