Maximizing productivity and profitability of rice through application of zinc in lowland transplanted ecosystem of Odisha




Abstract
The current investigation is based on the Zn management impact through Zn fertilizer application to deficient soils of lowland rice ecosystem of Odisha. On-farm testing were carried out at three Krishi Krushi Vigyan Kendras (Sonepur, Balangir and Jagatsinghpur) to determine the optimal dose and frequency of Zn application  along with soil test -based fertilizer application in rice-rice cropping system of  Odisha for enhancing productivity and profitability. A study was conducted for zinc and organic carbon content   in initial and post-harvest soil to investigate the potential fate of Zn application on distinct Zn pools as well as organic carbon’s fate in soil and its impact on rice yield and economics in a rice based cropping system. After two cropping cycles, the rice crop responded to Zn application with or without FYM by providing the highest mean grain yield of 4.4 t/ha and 3.8 t/ha , as well as  mean straw yield of 5.1 t/ha and 4.7 t/ha respectively over all the said locations.The treatment combination of STBR (NPK) + FYM +Zn @ 2.5 kg/ha has resulted highest average net return of INR 41750/ha  and B:C of 1.86 along with provided   more organic carbon rich soil  (0.67%) and Zn sufficient soil range of 0.77-0.93 DTPA-Zn ( mg kg-1 ).
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Introduction: 
Rice is a crucial cereal crop, providing 20% of calories for 3.5 billion people (Sen et al., 2020). It accounts for 90% of food grain production in Asia's high-rainfall regions specifically in India. However, challenges like climate change, nutritional issues, moisture stress, and pest infestations lead to low yields and soil fertility issues. The excessive use of nitrogen, phosphorous, and potash for grain production has led to a decline in soil fertility and  organic matter, and increased secondary and micro nutrient deficiencies. 33% of developing countries' population suffers from zinc deficiency due to cereal-based diets, exacerbated by intensive production methods and NPK-based chemical fertilizers, necessitating sustainable solutions to boost zinc content and soil availability (Pradhan et al. 2021). Zinc insufficiency is a major issue in rice growth and yield, as it is crucial for maintaining cellular membrane integrity. Insufficient zinc in soil leads to low-quality rice, as it is not easily provided to shoots or roots. Zinc is essential for rice biochemical and metabolic processes, including cytochrome and nucleotide synthesis, auxin metabolism, chlorophyll production, enzyme activation, membrane integrity, carbohydrate metabolism, cell wall development, gene expression, respiration, and pollen development. A micronutrient survey in Odisha found 33% of surface soils have a zinc deficit below 0.6 mg/kg. Zinc deficiency is a major problem in lowland rice areas of Sonepur, Jagatsinghpur and Bolangir districts of Odisha, caused by  intensive cereal cropping practices. The symptoms of deficiency begin on the second or third leaf after transplanting, and the rice leaves develop brown blotches and streaks. Zinc deficiency can cause reduced plant height, tillering, and grain output, and in severe situations, plants may die. Regular eating of low zinc rice can result in stunted growth, poor development, low intelligence, and diseases caused by a lack of immunity.So  to overcome the Zn deficiency and low yield Integrating Nutrient Management (INM) is the most innovative way that involves using all major sources of plant nutrients in an integrated manner, including fertilizers, farmyard manure, green manure, crop residues, and bio fertilizer where FYM along with other major and micro nutrients improves soil organic carbon, primary and secondary nutrients, and micronutrients (Badanur et al., 1990). FYM and fertilizers are crucial for supplementing crop nutrient requirements and providing yield stability. Application of FYM can improve crop growth, soil properties, and root development, allowing plants to exploit more water under water stress conditions there by crop yield (Dejene and Lemlem, 2012). While organic manures (OM) are a valuable source of nutrients, their application alone is insufficient to meet the nutrient requirements of high-yielding varieties and frequently results in poor crop yields [Sharma et al 2016]. Furthermore, the use of the generally suggested dose (GRD) of fertilizer is not able to maintain yields vis-à-vis the economic returns of crops due to fatigue in soil health, and this requires refinement for balanced crop nutrition [Singh et al. 2019]. Thus, using OM and chemical fertilizers alone will not enhance the viability of an intensive production system [Patel et al. 2016]. Using an appropriate blend of OM and chemical fertilizers depending on the fertility status of the soil [Santhi et al. 2011], is a step forward for providing balanced fertilization to crops. Rice grain yields and long-term viability are improved by the ongoing application of fertilizer based on soil tests when combined with FYM [Singh et al 2019, Majhi et al. 2019, Majhi et al. 2021].Applying the right amounts of nutrients is necessary to maximize the potential yields of high-yielding crop cultivars [Sharma et al. 2015]. However, one of the factors that prevents crops from reaching their full yield potential and the deterioration of soil health, as well as financial losses to farmers [Sharma et al 2016, Singh et al. 2015], is the improper and unbalanced use of fertilizer for crop production without proper knowledge of the inherent soil capabilities and crop requirements. This frequently has a negative impact on crops and the soil in terms of nutrient toxicity and deficiency [Sharma et al. 2016]. Zinc deficiency can be controlled by applying fertilizer, managing water, amending soil, diversifying crops, and applying organic matter. Zinc sulphate is the most effective option for soil, and zinc fertilizer should be used early to prevent initial loss. Although Zn foliar spraying appears to be a potential strategy to improve Zn uptake by plants, its efficiency may be dependent on numerous circumstances. The most popular way to fertilize with zinc is by applying it to the soil. The current study aims to determine the optimal zinc dosage and fertility levels for a rice-rice cropping system for maximizing  profitability.
[bookmark: _Hlk169722059][bookmark: _Hlk169274632]Materials and methods: An on-farm testing was formulated to assess effect of Zn application along with soil test-based fertilizer recommendation of   water-soluble fertilizers with or without FYM on productivity and economics of rice during kharif 2020-21 and 2021-22 in adopted villages of Krishi Vigyan Kendras of Sonepur, Jagatsinghpur and Bolangir District of Odisha, India. Detailed baseline survey and focus group discussions were taken up by the scientists of respective KVKs during kharif season to extract information on constraints of low yield in rice. The population of the understudied villages is mainly dependent on agriculture for food and livelihood security. About 70% of the village households revealed agriculture as their primary occupation. A majority of the population are marginal farmers with less than 1 ha of land. Agriculture is largely rainfed in all the sites. Suitable technologies to discourse the low yield issue were laid out in discussion with scientists and farmers and farm women. Before the start of experimentation, soil samples were randomly collected from different spots at a depth of 015 cm from the experimental ﬁeld and after making a composite sample; it was shade dried and processed and analyzed for various chemical properties. Samples after processing were analysed for micronutrients Zn by DTPA extraction method of Lindsay and Novell (1978).  The organic Carbon was tested by Walkley and Black method (1934). District wise percent Zn deficiency was calculated by taking the critical limit of Zn as 0.6 mg/kg. pH and EC were determined in 1:2.5 soil : solution ratio as per Jackson, 1973. Available N was determined by alkaline KMnO4 method (Subbiah and Asija, 1956) [10]. Soil texture by Bouyoucos hydrometer method (Piper, 1966).The soil in the experimental plot of 3 Districts experimental site was sandy loam to  loamy, acidic (pH 5.20 to 6.30), with low available nitrogen (204.4-252.2 kg ha-1) and organic carbon. (0.48-0.51%); medium in potassium (181.3-212.4 kg ha-1) and phosphorus (16.4-18.5 kg ha-1); and low in zinc (0.48-0.53 ppm). During the 2021 and 2022 kharif seasons, average rainfall totaled 1328.8-1423 mm in 84-88 wet days and 843.1 mm in 66-72 rainy days, respectively. The field trial followed a Randomized Block Design (RBD) in kharif season (July to November) of 2020-21 and 2021-22 with seven replications, involving 3 treatment combinations. (FP: Farmers’ practice ( NPK was 130:40:20 kg/ha, TO1: STBR (NPK) + Zn @ 5 kg/ha) and TO2: STBR (NPK) + FYM + Zn @ 2.5 kg/ha) and seven replications taking each farmer as a separate entity. The allocated land area to each farmer was equally split into three treatments to fit all the technologies. In TO1: STBF treatment combination  NPK was 125-60-40 kg ha−1 and TO2 was 125-60-40 kg ha−1 and FYM applied (5 t/ha ). Rice variety “Pratikshya” was taken as test crop planted at a spacing of 20 × 10 cm with two seedling hill-1 in all locations and date of sowing and transplanting was all most uniform in all the locations to draw a correct correlation of the effect of treatments in all the locations. FYM was the organic source, while urea, single super phosphate, muriate of potash, and zinc sulphate were the sources of N, P, K and Zn, respectively. As a baseline dose, half as much N and the entire amounts of P, K, Zn, and FYM were administered. In all the locations and treatments timely weeding and need-based plant protection measures were carried out. Basal application of nitrogen, phosphorus and potash were applied over the main field just before sowing.  As a top treatment, two equal portions of the leftover N were applied 30 and 50 days after sowing (DAS). To estimate the overall grain and straw yield, samples of grain and by-product (straw) were collected from each net plot area at harvest. 25 per cent moisture, 0.63 percent total N, 0.13 per cent total P, and 0.60 per cent  total K were present in the applied FYM. The FYM consumed in the experimentation in all the locations were produced by the respective farmers in their own field. Ninety days following transplantation (DAT), measurements were made of several growth metrics, including the number of tillers per hill, the number of panicles per square meter, and the length of each panicle. The test weight (g) and grain yield (kg ha-1) and straw yield (kg ha-1) were recorded at harvest. The organic carbon and zinc were tested at initial stage before the start of experimentation and after two years of imposing the treatment by using standard procedure. The gross return (worth of additional production) was computed using the Indian government's MSP (minimum support price) for rice in 2021-22, expressed as INR ha−1. The net return (INR ha−1) was computed by subtracting fertilizer costs from gross returns. B:C ratio was calculated as follows:
Net return= Gross return – Cost of cultivation
B:C ratio=Gross return/Gross cost



Data acquired in validation experiments were analyzed using the ANOVA approach.






Table:1 Effect of Zn application on varied doses of STBR and FYM on yield attributes of lowland rice(Pooled data of 2021&2022)
	Treatments
	No of effective tillers per hill

	Number of panicles/m2
	Panicle length (cm)
	1000-grain weight (g)

	
	Sonepur
	Balangir
	Jagatsinghpur
	Sonepur
	Balangir
	Jagatsinghpur
	Sonepur
	Balangir
	Jagatsinghpur
	Sonepur
	Balangir
	Jagatsinghpur

	FP: NPK@130:40:20
	14.61
	13.04
	13.16
	239.9
	231.6
	224.7
	21.4
	21.3
	20.2
	22.7
	23.0
	19.4

	 TO1: STBR(NPK)+Zn @ 5 kg/ha
	15.94
	14.24
	14.37
	255.4
	246.6
	245.4
	24.9
	22.9
	21.9
	23.3
	23.2
	20.1

	T02: STBR(NPK)+FYM+Zn @ 2.5 kg/ha
	17.46
	16.01
	15.91
	294.5
	289.5
	263.4
	25.0
	24.3
	22.7
	23.7
	23.3
	21.0

	SEm (±)
	0.64
	0.63
	0.63
	10.8
	9.7
	11.9
	1.0
	0.8
	0.9
	0.35
	0.48
	0.49

	CD(P=0.05)
	1.94
	1.91
	1.93
	32.9
	29.5
	36.0
	3.2
	2.3
	2.8
	NS
	NS
	NS



Practice (FP) @ NPK:: ........................; Soil Test Based Recommendation (STBR) @ NPK::..............;  FYM @ 5 t/ha; Zn @ 2.5 kg/ha






Table:2 Effect of Zn application on varied doses of STBR and FYM on yield and soil parameters of lowland rice (Pooled data of 2021&2022)
	Treatments
	Grain yield (t/ha)
	Straw yield (t/ha)
	Organic carbon (%) after harvest after 2 years
	Zn concentration after harvest (after two years) 
DTPA-Zn ( mg kg-1 )

	[bookmark: _Hlk182675865]
	Sonepur
	Balangir
	Jagatsinghpur
	Sonepur
	Balangir
	Jagatsinghpur
	Sonepur
	Balangir
	Jagatsinghpur
	Sonepur
	Balangir
	Jagatsinghpur

	FP: NPK@130:40:20
	3.81
	3.37
	3.26
	4.76
	4.480
	4.309
	0.664
	0.644
	0.62
	0.48-0.58
	0.46-0.56
	0.42-0.53

	 TO1: STBR(NPK)+Zn @ 5 kg/ha
	4.13
	3.68
	3.788
	5.22
	4.631
	4.594
	0.667
	0.647
	0.63
	0.62-0.82
	0.64-0.86
	0.59-0.80

	TO2: STBR(NPK)+FYM+Zn @ 2.5 kg/ha
	4.66
	4.39
	4.18
	5.44
	4.943
	5.049
	0.681
	0.661
	0.68
	0.66-0.88
	0.69-0.93
	0.78-0.89

	SEm (±)
	0.15
	0.170
	0.206
	0.20
	0.162
	0.205
	0.003
	0.004
	0.013
	Initial
0.44-0.48
	Initial
0.45-0.48
	Initial
0.40-0.48

	CD (P=0.05)
	0.46
	0.516
	0.625
	0.61
	0.492
	0.621
	0.009
	0.009
	0.040
	
	
	



Practice (FP) @ NPK:: ........................; Soil Test Based Recommendation (STBR) @ NPK::..............;  FYM @ 5 t/ha; Zn @ 2.5 kg/ha










Table:3 Effect of Zn application on varied doses of STBR and FYM on  Economics of Lowland rice (Pooled data of 2021&2022)
	Treatments
	Gross Return (Rs/ha)
	Net return (Rs/ha)
	B-C ratio

	Locations
	Sonepur
	Balangir
	Jagatsinghpur
	Sonepur

	Balangir
	Jagatsinghpur
	Sonepur

	Balangir
	Jagatsinghpur

	FP: NPK@130:40:20
	73963
	63293
	65475
	34098
	27682
	24216
	1.65
	1.38
	1.59

	 TO1: STBR(NPK)+Zn @ 5 kg/ha
	80122
	73478
	71416
	38455
	31804
	31765
	1.71
	1.59
	1.80

	TO2: STBR(NPK)+FYM+Zn @ 2.5 kg/ha
	90380
	81238
	77406
	46426
	39091
	39733
	1.87
	1.67
	2.05

	SEm (±)
	2952
	4000
	3303
	2952
	2575
	1913
	-
	-
	-

	CD(P=0.05)
	8955
	12133
	10018
	8955
	7810
	5802
	-
	-
	-


Practice (FP) @ NPK:: ........................; Soil Test Based Recommendation (STBR) @ NPK::..............;  FYM @ 5 t/ha; Zn @ 2.5 kg/ha

Result and Discussion:
Yield attributes: Higher yield attributes ( no. of effective tillers per hill, number of panicles/m2, panicle length (cm), test weight (g) has been found in TO3.  However, test weight failed to show significant variation over all the locations but the trend of test weight is in the order of TO2 > TO1> FP. Highest number of tiller per hill (15.9 to 17.4) was observed in case of treatments having STBR (NPK) + FYM + Zn @ 2.5 kg/ha over FP Generating lowest no of tiller per hill (13.04-14.6). Average panicles/m2 of 282.4 has been yield as an effect of treatment combination of TO2 in comparison to average panicles/m2 of 249.8 and 232 from TO1 and FP respectively. Lenghthier and healthier panicles were also found in case of TO2 over TO1 and FP. These could be attributed due to more supply of nutrients during growth stages with combined application of STBR and Zn with or without supply of FYM (Satyanarayana et al. 2002). It is generally recognized that the administration of N, P, K, micronutrients, and FYM in correct combinations can enhance and synthesize a variety of volatile aromatic compounds found in rice, the most prominent of which is 2-Acetyle-1-Pyrroline (2-AP). This was due to high inorganic nitrogen supply to the crop which helped to exhibit superior growth parameter along with Integration of FYM for better soil health and nutrient availability. This results corroborate with the findings of Shankar et al., 2020 .Similar results was observed by Kumar et al. (2012), where application of N, P and organic sources have resulted in highest yield attributes.
Yield: Significantly higher straw and grain yield was recorded in the treatment T3 in comparison to other treatments (Table-2). Order of straw and grain yield under all the treatments was observed as T3 > T2 > T1 under both the years of experimentation in all locations. Similar trend was also noticed in straw yield. Significantly higher grain and straw yield was obtained with STBR NPK + FYM @ 5 t/ha + Zn @ 2.5 kg/ha over FP (NPK @ 130:40:20) in all the locations. However higher trend of grain and straw yield was obtained in Sonepur  compared to all other area probably due to better management practices by farmers and better control of water and better drainage capacity of soil. Highest grain yield range of 4.18-4.66 t/ha, 3.68-4.13 t/ha was obtained in TO3 and TO2 respectively in comparison to FP where yield ranges from 3.26 t/ha @  Jagatsinghpur to 3.81 t/ha @ Sonepur. In case T3 treatment combination   on an average 26.9% higher grain yield  and 13.9% higher straw yield has been harnessed through integrated use of FYM @ 5 t/ha and STBF (NPK) + Zn @ 2.5 kg/ha as compare to farmer practice. However, the TO2 combination also resulted in significantly higher grain and straw yield than FP probably due to better management of demand and supply of fertilizer through STBR. Gayathri et al. 2009 and Mahajan et al. 2014  have confirmed similar findings through STBR. The positive impact of organic manure on grain and straw yield may result from improved soil physical and chemical characteristics as well as an additional source of plant nutrients. According to Nath et al. (2015) [14], 100% NPK and biofertilizers significantly increased rice grain and straw yield when compared to other treatments. These results are consistent with their findings. This highlights how important it is to combine chemical fertilizers and organics in order to achieve greater productivity. Increased nutrient uptake as a result of enhanced soil physical and chemical properties led to higher yield in treatments with INM (Satyanarayana et al. 2002). The present results are in agreement with the findings of Srivastava et al. (2008) and Chandrapala et al. (2010). Organic sources also improved the content of Fe by supplying chelating agents, which helps in maintaining the solubility of micro-nutrients including Fe. The response of organic matter showed profound influence on the solubility of Fe in waterlogged soil by providing resistance to Fe chlorosis (Singh et al., 2010 and Das et al., 2010). It is thus apparent that application and maintenance of organic matter in the soil translates adequate long term improvement in N nutrition of plants may contribute to increase Zn also. The favourable influence of applied Zn on yield may be due to its catalytic or stimulatory effect on most of the physiological and metabolic process of plants (Mandal et al., 2009). Addition of farm yard manure showed positive changes in organic carbon and nitrogen content of the soil (Dixit et al. 2000).
Effect on Organic C and Zn content in soil:
Significantly higher organic carbon content was found in TO3 over all the locations probably due to addition of organic manure for two consecutive years over FP and TO1 where there was no addition of FYM in both the treatments. Improvement in soil organic carbon content in FYM treated plots might be attributed to better root growth, while high organic carbon content along with combined use of NPK and Zn + FYM may be attributed to plant exudates released by plant root. The increase in organic carbon content due to use of chemical fertilizers as compared to control can be attributed to higher contribution of biomass through crop stable and residues (Singh et al. 2007). Identical trend was found in case of Zn content after two years of experimentation in soil. Higher Zn content was found in TO1 and TO2 i.e. Zn applied plots with or without FYM. However, highest content of Zn was found in TO2 where FYM was applied probably due to combined application of chemical fertilizers, bio-fertilizers and FYM proved its superiority with respect to nutrients uptake in comparison to other treatments due to more availability of nutrients caused solubilization of nutrients from insoluble sources by bio-fertilizers due to release of organic acids and improvement in soil physio-chemical properties and biological environment. These results are in accordance with the finding of Lakshmi et al. (2015).
Effect on Economics: 
The data on economics of rice is presented in the Table 4. A close evaluation of data revealed that treatment combination of TO2 has resulted in significant higher gross and net return followed by TO1. Similarly, the highest B:C(1.67 to 2.05) ratio was noted in STBR (NPK) + FYM + Zn @ 2.5 kg/ha , followed by  (1.59 to 1.80) and was the lowest in FP (1.38 to 1.60). The STBR nutrient recommendation of TO2 has been generated gross return ranged from (INR 77406 to 90380 ha−1 ) net return  ranged from ( INR 3909146426 ha−1) respectively, higher than the FP (INR 63293 to 73963 ha−1 and net-return of  INR 24216-34098 ha−1 respectively). Highest gross and net return in  TO2, over TO1 and FP is might be due to higher grain and straw yield in the above said treatment combination. The highest B:C ratio with STBR treatments might have been due to the highest net return with this treatment. Similarly, a higher benefit–cost ratio with STCR-based fertilizer treatments than the GRD or farmer practice has been reported [Arunima et al. 2011]. Net returns from the improved practice (STCR technology) were substantially higher than the FP for transplanted lowland rice. Similarly, higher indices of economic analysis, such as gross and net return and benefit:cost ratio, than the GRD in transplanted rice under rainfed Alfisols have been noticed [Sharma et al. 2015].
Conclusion: Rice is now produced in lowlands using transplanting techniques, with ponded water and a considerable supply of main fertilizers. Both lowlands and uplands typically experience zinc deficiency, particularly in areas with intense rice farming; the problem is exacerbated by low soil pH. Some sustainable land management approaches for dealing with zinc shortages include avoiding cereal-cereal systems, leveling land, regulating water, recycling residue, green manuring, FYM, and applying zinc fertilizers. Establishing a healthy soil, plant, animal, and human continuum can help to boost grain yield and zinc content. Zinc sulphate is an inexpensive fertilizer that improves crop performance. The average net yield across all locations improved from INR 28662 ha-1 to  INR  41750 ha-1 when this fertilizer (Zn) was applied at a rate of 2.5 kgha-1. This will improve the soil's nutritional and quality state. The experiment above reveals that a one-time application of Zn @ 2.5 kg ha-1 via ZnSO4 and STBFR in the first year for light-textured sandy-loam soil can increase rice cropping system production and productivity by 26% compared to not applying Zn at all. This zinc dosage produces the highest economic return while still being sustainable. The physical and biological properties of the soil would benefit the long-term rice-based cropping system if marginal farmers could apply zinc every other year in addition to a single mass application of  STBR fertilizer with FYM.
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