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Effects of Macro (S & Mg) and Micro (B & Zn) Nutrients on the Yield of Rice (Oryza sativa L.) and Nutrient Uptake in Grains and Straw
[bookmark: _GoBack]


ABSTRACT
A rice variety, Legon 1, was grown to assess the impact of macro/secondary nutrients such as S and Mg, as well as micronutrients such as B and Zn, on yield, yield-contributing characteristics, and nutrient uptake status of the crop. The field experiment was carried out in the "Awaase Loam Sandy Soils" at the Adwaase in the Atwima Kwanwoma district. The surface soil had a sandy loam texture, a pH of 5.61, an organic matter content of 1.58%, a total N 0.10%, an available P concentration of 7.03 ppm, an exchangeable K concentration of 0.11 meq/100 g, an available S concentration of 2.57 ppm, an exchangeable Mg concentration of 0.55 meq/100 g, an available Zn concentration of 1.30 ppm, and an available B concentration of 0.08 ppm. The experiment was designed in a randomized complete block design with 20 fertilizer treatments formulated from three new NPK fertilizer blends (viz., NPK 14:18:18+6S+1B, NPK 20:20:10+4S+2 MgO+0.6B+0.5 Zn, and NPK 15:20:10+9S+5MgO+0.6B+0.5Zn) with four replications. 1. Absolute control, T2. N:P: K, T3. N:P: K, T4. N-P-K, T5. N-P-K, T6. N-P-K, T7. N:P: K+S+B, T8. N:P: K+S+B, T9 N:P: K+S+B, T10. N-P-K+S+B, T11. N-0-K+S+B, T12. N:P:K+S+MgO+B+Zn, T13N-P-K+S+MgO+B+Zn, T14. N:P:K+S+MgO+B+Zn, T15.N:P:K+S+B+1.5Z, T16. N:P:K+S+MgO+B+Zn, T17. N:P:K+S+MgO+B+Zn, T18. N:P:K+S+MgO+B+Zn, T19. N:P:K+S+MgO+B+Zn, T20. N-P-K+S+MgO+B+Zn, T21.N:P:K+S+MgO+B+Zn. Except for the absolute control, all plots of rice received 90, 100, 120, or 150 kg N ha-1; 90, 60, 40, or 30 kg P ha-1; or 90, 60, 40, 45, 30, or 20 kg K ha-1 as the basal dose. The secondary and micronutrient doses were 8.6, 13, 13.3, 18, 20, 27, and 30 kg S ha-1; 4.2, 6.3, 9, 10, 15, 22.5 kg Mg ha-1; 1, 1.5, 2.25 kg Zn ha-1; and 1.2, 1.5, 1.8, 2.2, 2.7, 3.3, 5 kg B ha-1, respectively. The results showed that all treatments had a significant impact on plant height, tiller/hill weight, 1000-grain weight, grain and straw yield, and the uptake of certain specific nutrients in grain and straw; however, panicle length and the amount of P and Mg in rice were not affected in the same way by any of these treatments. The T2 treatment, which included the addition of S with the appropriate dose of NPK, produced the greatest increase in the 1000-grain weight, grain yield, and rice straw weight. Moreover, treatments consisting of secondary micronutrients and micronutrients had a significant impact on the remaining parameters (T3, T4, and T5). The T10, T18, T21, and T14 treatments also resulted in the maximum nutrient uptake of N, P, K, and S in the rice grain and straw. The highest uptake of Mg was observed in T19 and T21, which included Mg as a component. In contrast, both grain and straw had the maximum Zn and S concentrations when treated with T21. However, the results indicated that the T14 and T21 treatments, which included the recommended dose of NPK with S, might be practical, cost-effective and appropriate for improving 1000-grain weight production, grain and straw yield, and N, P, K, and S uptake in rice grain and straw grown in Adwaase in the Atwima district of Ghana during the major season.
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[bookmark: _Hlk223954288]INTRODUCTION
[bookmark: _Hlk160544358]During the 17th and 18th centuries, rice (Oryza sativa L.) was one of the main commercial food crops grown in the subregion. Rice did not become an important crop in Ghana until 1960 (UDS, 2000). Since the 1960s, the northern sector of Ghana has produced the majority of the country's rice. Rice is a staple food for more than half of the world's population; it is cultivated in more than 100 nations, with Asia producing 90% of the crop worldwide. Rice can be classified as either white or brown following postharvest processing, although there are more than 110,000 cultivated varieties of rice that differ in quality and nutritional value. Market availability and final consumption are ultimately determined by regional and cultural preferences, as well as the need for stability during storage and transportation. Together with calories, rice has minimal fibre and fat content but is a good source of iron, magnesium, phosphorus, manganese, selenium, thiamine, and niacin. To achieve food self-sufficiency, efforts must be undertaken to increase yield per unit area while improving produce quality. Soil fertility conditions rapidly decrease the yield of the main crops in the country, which is becoming a highly worrisome issue for scientists and policymakers (Cobo et al., 2010; Ngetich et al., 2012). Ghana's soils are already deficient in key nutrients due to intensive farming, which receives little benefit from organic recycling. Currently, inorganic fertilizers, which account for almost 50% of Ghana's total production, are crucial to the performance of the country's crop production systems (Adzawla et al., 2021; Arouna et al.,2021; Nyamangara et al., 2020). NPK deficiency was a significant issue before the 1980s, but after that time, reports of NPK deficiency combined with secondary and micronutrients (S and Zn) were common (Dhaliwal et al., 2022; Jones et al., 2013; Brown, 2008). Many sub-Saharan nations suffer from frequent micronutrient deficiencies as a result of high pH, poor organic matter, persistent drought, high bicarbonate content in irrigation water, and an imbalance in NPK application (the amount of nitrogen, phosphorus, and potassium in fertilizers) (Bedadi et al., 2023; Roy et al., 2006). Approximately 44% of Ghana's total planted land is considered to be deficient in sulphur, as numerous regions have been identified as such (Neina and Adolph, (2022). Plant growth and development are also significantly influenced by magnesium (Xie et al., 2021). Zinc and magnesium are both very beneficial for increasing the quantity and quality of rice grain production (Ramzan et al., 2020; Li et al. 2016; Zeidan et al., 2010). Additionally, there have been reports of boron deficiencies in several crops and soils (Farooq et al., 2018; Laik et al., 2021). Reports of Zn and B deficiencies in certain soils and crops in various parts of Ghana are common (Agyin-Birikorang, et al., 2022). Therefore, managing soil fertility properly is crucial to enhancing crop output. Farmers do not have adequate knowledge of the diverse fertilizer types available and their use of specific crops. Farmer education and sensitization to mineral fertilizer are still major challenges. Inorganic fertilizers can help prevent secondary and micronutrient deficiencies. Furthermore, maintaining soil fertility and ensuring appropriate, sustainable crop production may benefit from the combined application of organic and inorganic fertilizers. The purpose of the experiment was to determine the effective doses of fertilizers by examining the effects of B and Zn, micronutrients, and S and Mg from secondary nutrients on rice production and yield-contributing characteristics.



2. MATERIALS AND METHODS
2.1. Site location
The trial was held from December to June 2025, during the farming season, at the Adwaase of Atwima Kwanwoma area in Ghana's Ashanti region. The coordinates of the Adwaase are latitude 6.38° 45' N and longitude 1.40° 45' W. The Adwaase is located 284 meters above mean sea level. The two wet seasons of the year are from September to November and from March to August. The area experiences peaks in rainfall in May, June, and October, which is twice the annual average. Rainfall ranges from 1100 to 1800 mm on average each year. The average yearly temperature varies from 25.5 °C in the southern regions to 32 °C in the northern parts of the region. Rainfall data from power data access-viewer weather stations were collected from NASA from 2022 to 2023. Throughout the years of the experiment, there were variations in the quantity and distribution of the monthly cumulative rainfall.

[image: ]
Map 1: Location of the study area. Source: Author’s own construct



2.2. Design, Treatments, and Agronomic Management
The experiment used a randomized complete block design (RCBD), and each of the twenty-one treatments was replicated four times. Individual experimental plots were 3 m × 5 m in length, with a 2 m alley between replications and a 1 m alley between plots to prevent fertilizer drift and interinterference. A total area of 2375 m2 (125 × 19 m2) was measured for our trial. Initial soil samples were collected at a depth of 0–30 cm. The positive control treatments consisted of the combination of major micronutrients, a few secondary micronutrients, and micronutrients. To ascertain the effects, magnesium, secondary, and micronutrients were then eliminated from the check treatment combination one at a time (Table 1). The treatments were administered at 30-day intervals beginning 30 days after planting. A randomized complete block design (RCBD) was used to establish the field, and each of the twenty-one treatments was replicated four times. Individual experimental plots were 3 m × 5 m in length, with a 2 m alley between replications and a 1 m alley between plots to prevent fertilizer drift and interinterference. A total area of 2375 m2 (125 × 19 m2) was measured for our trial. Initial soil samples were collected at a depth of 0–30 cm. The positive control treatments consisted of the combination of major micronutrients, a few secondary micronutrients, and micronutrients. To ascertain the effects, magnesium, secondary, and micronutrients were then eliminated from the check treatment combination one at a time (Table 1). The treatments were administered at 30-day intervals beginning 30 days after planting.
The primary, secondary, and micronutrient formulations and rates included the following:
1. The most popular fertilizer formulation in Ghana is NPK 15-15-15, which is applied at an approved rate of 90-60-60 kg ha-1 for rice cultivation and topped up with urea.
2. NPK 14:18:18 + 6S + 1B: One of the trial fertilizer formulations is expected to affect the growth and production of maize. It was predicted that adding sulphur as a secondary macronutrient, boron as a micronutrient, and increased amounts of P and K would have a beneficial effect on rice output and growth.
3. NPK15:20:10+9S+5MgO+0.6B+0.5Z: Similar to formulation 2, it was expected that this fertilizer formulation would likewise affect the growth and yield of rice. The difference between formulations 2 and 3 is the smaller level of K2O in formulation 3 and the higher level of P2O5 in formulation 4.
4. NPK 20:20:10 + 4S+2MgO+0.6B+0.5Zn: One of the tested fertilizer formulations is expected to affect the growth and production of rice. It was predicted that adding magnesium and sulphur as secondary macronutrients, zinc and boron as micronutrients, and increased amounts of N and P would have a beneficial effect on rice output and growth.
Table 1. The combination of treatments used in the fertilizer formulation
	Treatment
	Nutrient combination
	Treatment description

	1
	Zero
	No fertilizer

	2
	[bookmark: _Hlk155867603]NPK 15-15 -15, no micronutrients
	90-60-60

	3
	
	100-40-40

	4
	
	100-60-60

	5
	
	[bookmark: _Hlk155867990]120-60-60

	6
	
	150-90-90

	
	
	

	7
	NPK+ sulphur+ micronutrients
 14-18-18+6S+1B
	90-60-60+20+3.3

	8
	
	100-40-40+13.3S+2.2B

	9
	
	100-60-60+20S+3.3B

	10
	
	120-60-60+20S+3.3B

	11
	
	150-90-90+30S+5B

	
	
	

	[bookmark: _Hlk155868019]12
	NPK+ sulphur+ magnesium+ micronutrients
[bookmark: _Hlk155866204]15:20:10+9S+5MgO+0.6B+0.5ZnTE

	90-60-30+27S+15MgO+1.8B+1.5Zn

	13
	
	100-40-20+18S+10MgO+1.2B+1Zn

	14
	
	[bookmark: _Hlk155866235]100-60-30+27S+15MgO+1.8B+1.5Zn

	15
	
	120-60-30+27S+1.8B+1.5Zn

	16
	
	150-90-45+40.5S+22.5MgO+2.7B+2.25Zn

	
	
	


	17
	NPK+ sulphur+ magnesium+ micronutrient
[bookmark: _Hlk155866268]20:20:10+4.3S+2.1MgO+0.6B+0.5ZnTE
	90-60-30+13S+6.3MgO+1.8B+1.5Zn

	18
	
	100-40-20+8.6S+4.2MgO+1.2B+1Zn

	19
	
	100-60-30+13S+6.3MgO+1.8B+1.5Zn

	[bookmark: _Hlk155867042]20
	
	120-60-30+13S+6.3MgO+1.8B+1.5Zn

	21
	
	[bookmark: _Hlk155866292]150-90-45+18S+9MgO+2.7B+2.25Zn





2.2. Soil sample preparation and chemical analysis
Initial soil samples were collected from the top 0−30 cm soil layer of the entire experimental field and analysed for texture and levels of macro- and micronutrients to establish whether the soils were suitable for growing rice (Fairhurst et al., 2007). The mean soil texture composition was 14.0% sand, 35.9% clay, and 51.1% silt; hence, the soils are classified as silty clay loam’, as per the USDA soil textural triangle. The experimental fields are classified as Luvisol soils as well as the Oda series (Awoonor and Dogbey, (2021). The soil analysis was performed by the Soil Research Institute, which is based in Kwadaso-Ghana, and the United Nations Industrial Development Organization (UNIDO) ISO 17025-2017 accredited. Before the analytical procedure analysis, the sample was sieved using a 2-mm sieve for chemical and physical soil parameters, including soil texture, pH, cation exchangeable capacity (CEC), organic carbon, total nitrogen, available phosphorus, and sulphur. Soil testing was performed by the Soil Research Institute. The soil pH was measured at a 1:2.5 soil-to-water ratio using a glass electrode (H19017 Microprocessor) pH meter. The glass electrode of the pH meter was standardized with two aqueous solutions of pH 4 and 7. The pH of the samples was measured by dipping the glass electrode into the supernatant. Total nitrogen was determined by the Kjeldahl digestion and distillation procedure as described by Bremner and Mulvaney (1983). Soil organic carbon was determined by the modified dichromate oxidation method of Walkley-Black, as described by Nelson and Sommers (1982). The readily acid-soluble forms of phosphorus were extracted with an HCl:NH4F mixture (Bray’s No. 1 extract) and determined calorimetrically by ascorbic reduction as described by Bray and Kurtz (1945) and Olsen and Sommers (1982). and potassium were determined by flame photometry. The effective cation exchange capacity (ECEC) was determined by the sum of exchangeable bases (Ca2+, Mg2+, K+, and Na+) and exchangeable acidity (Al3+ and H+). The exchangeable bases (calcium, magnesium, potassium, and sodium) were determined in a 1.0 M ammonium acetate (NH4OAc) extract (Thomas, 1982). Calcium and magnesium were determined by EDTA titration. Potassium and sodium were determined by flame photometry. The exchangeable acidity (Al++H+) of the 1.0 M KCl extract was determined as described by Page et al. (1982).

[bookmark: _Hlk142322813]Development of rice fields
The experiment adopted SAWA technology for land preparation. Bunds were constructed to take care of areas within similar altitudes. Clay soils 50 cm wide by 50 cm high were used for the construction of the bunds. Pegs and lines were placed where the bund was to be constructed. Both sides of the pegged area were dug, and the soil was heaped into the pegged area. The bunds were compacted by ramming them tightly with a shovel to avoid any holes. It was strong enough to walk on, able to hold water for a longer time, and able to resist occasional floods. The reshaping of the bund was performed to avoid any total collapse. Puddling involves ploughing the field with a hoe and allowing water to soak the field for approximately one day, then thoroughly mixing and smoothing the field into a fine and soft medium manually. Flooding a paddy field accelerates the decomposition of weeds and crop residue in the soil and reduces the release of nitrogen from decomposing organic matter. During puddling, more water was added for soil movement, and soil lumps were broken down to improve water and nutrient retention. This also assists us in identifying low- and high-intensity spots to be leveled. A wooden board was used for levelling and smoothening operations for easy water management and transplanting.
[bookmark: _Hlk142327310]Pre-germination
A good germination test was performed to separate the damaged plants using the floating method. All the seeds were put into a container filled with water. Stir and scoop off the seeds floating on the surface. Good seeds sank to the bottom of the container. Clean seeds were soaked for 24 hours in a jute bag in a drum. The water was drained, and the plants were incubated for two days under shade to maintain moisture.
Nursery
A piece of land was prepared where water was directed in and out to maintain control. The Bund was used to separate the other beds. A slightly raised bed with a channel of 20–30 cm and a depth of 10–30 cm leveled all the beds uniformly. The pregerminated seeds were broadcast evenly onto the soil surface. The seeds were covered with palm leaves. The seedbed was kept wet until the seedlings emerged. The seed bed was watered before the seedlings were lifted to prevent breaking stems and roots and losing too many leaves to avoid transplant shock, and the soil was washed off for easy transport and transplanting. The lifted seedling roots were placed in water. Transplanting at the age of 18 was preferred.
Planting
The variety used was Legon-One, which is an enhanced variety with a maturity period of 90 days. This cultivar has an estimated 10,000 kg ha-1 of production potential. In the field, the seeds were sown indirectly with three seedlings per hill and a spacing of 20 cm × 20 cm between rows.
Management practices
Throughout the growth season, the plots were kept free of weeds. Weeding was performed manually at two-week intervals using the hand, and weeds were removed from the field to prevent weed decomposition. Two weeks after transplanting, a basal application of half urea, a full dose of magnesium oxide, zinc oxide, borax, triple superphosphate (TSP), and muriate of potash (MoP) was applied. Sixty days after transplanting (booting stage), the second split of urea was administered. During the entire growing period, hand weeding was performed three times, thirty, fifty-five, and 65 days after sowing. The parameters of plant height, tiller count, and SPAD were collected from five (five) randomly selected plants taken from each plot. All data collection was Maximum, uptake, grown, grain, straw performed on plant height (cm), SPAD, and number of tillers (cm) at three-week intervals, while panicle length, number of seeds per panicle, number of spikelets on a panicle, 1000-seed weight (g), grain yield (kg ha-1), and straw weight (kg ha-1) were taken when the crop attained maturity. Rice crops were harvested on March 27, 2025. The weights of the stover and grain were recorded plot wise on a dry basis (13% moisture basis). Samples of grain and straw were collected, dried, and crushed in preparation for chemical analysis.

2.3. Estimation of primary, secondary (S and Mg), and micronutrients (B and Zn) from grain and straw
After the rice plants were harvested, plant samples of grain and straw were collected from the experimental field for analysis of N, P, K, S, Mg, and Zn. Samples of grain and straw were first dried for 48 hours at approximately 65 °C in an oven and made into powder by grinding them in a mill and sieving them through a 20 mm mesh sieve. The ground plant materials (grain and straw) were stored in small paper bags and placed in desiccators for subsequent analysis.
2.3.1. Digestion of plant samples with sulphuric and perchloric acid in a 2:1 ratio for nitrogen (N) estimation
For the determination of N, the plant extract was first made by digesting the dried materials with concentrated sulphuric acid, followed by digestion with perchloric acid. A 0.5-gram oven-dried ground sample was placed in a 150-mL Kjeldahl flask. Then, 5 mL of concentrated H2SO4 was added to the flask, and the flask was left to stand overnight. Then, 2.5 mL of perchloric acid was added to the flask. After a while the flasks were heated, and the temperature was gently increased to 200 °C. Heating proceeded until the digest was clear and colourless. After cooling, the contents were transferred to a 100-mL volumetric flask, and the flask was filled with distilled water. A reagent blank was made in the same way. This digestion was performed specifically to determine N. Nitrogen in the digest was determined by distillation with 40% NaOH and titration of the distillate trapped in H3BO3 with 0.01 N H2SO4 (Page et al., 1982).
2.3.2. Digestion of plant samples with nitric and perchloric acid in a 2:1 ratio for P, K, S, Mg, Zn, and B estimation
The plant samples were digested via the wet oxidation method with nitric-perchloric acid to determine the phosphorus, potassium, sulphur, magnesium, zinc, and boron contents. Sulphur in the digest was determined using the acid-seed turbid metric technique, which was previously described (Hunter, 1984). A 150-mL Kjeldahl flask was used to collect 0.5 g of oven-dried ground samples. Five millilitres of concentrated nitric acid were added to the flask, which was left to stand for approximately 24 hours. The flask was then filled with 2.5 mL of perchloric acid and heated until it boiled. Heating continued until the digest became clear and colourless. After cooling, the contents were transferred to a 50-mL volumetric flask, and the flask was filled with distilled water. The same procedure was used to prepare a reagent blank. Except for N, all of the elements (P, K, S, Mg, Zn, and B) were determined from a single digest extract sample. The content of P in the acid digest was measured calorimetrically using the molybdovanadate solution yellow color technique (Yoshida et al., 1971). A flame photometer was used to directly measure the K content of the extract (Yoshida et al., 1971). An atomic absorption spectrophotometer was used to directly measure the concentrations of magnesium and zinc (Yoshida et al.,1971). Using the turbidity technique and BaCl2, the S concentration in the acid digest was ascertained (Azad et al., 2021). The azomethine-H technique (Page at el., 1982) was used to measure the extract's boron content using a spectrophotometer set to 420 nm.
2.4. Statistical analysis
The concentrations of N, P, K, Mg, S, Zn, and B uptake by rice grains and straw, as well as data on grain yield and yield-contributing characteristics, were collected. The F test was used to statistically analyse the data and determine whether the treatments had any significant effects. The computer software package R studio version 4.2.2 (2022-10-31 ucrt) was used to perform the analyses of variance (ANOVAs) for the various treatment parameters. Tukey’s honestly significant difference (HSD) test with p<0.05 was used to separate the means.




3. RESULTS AND DISCUSSION
3.1. Effects of different treatments on rice yield and yield components.
[bookmark: _Hlk159340114]The combinations of the micronutrient’s Zn and B, the secondary nutrients S and Mg, and the recommended dosage of NPK had a significant impact on rice production. Figure 2a to 2c and Table 2 show the collected data on the plant height at maturity, number of spikelets, number of tillers per hill, panicle length, filled and unfilled grain, 1000 grain weight, and grain and straw yield of rice as influenced by various treatments. The T5 treatment yielded significantly greater plant heights (119.0 cm and 103.9 cm, respectively) and numbers of tillers per hill (0.82 and 3.71, respectively) when S and Mg were given as basal NPK doses. This result was comparable to that of treatments T7, T14 and T21 (19.48 cm and 1.15 cm, respectively), while the lowest values were observed in T2, which used the recommended dose of NPK. The required rate of (NPK + S + Mg)- or (NPK fertilizers + S + Mg + B + Zn)-treated plots resulted in the highest plant height and number of tillers per hill, as confirmed by Azad et al. (2021). Rice panicle length is mostly determined by genetics, although it is also impacted by environmental conditions. Even though the T12 treatment produced the greatest panicle length, there was no significant difference in panicle length among the treatments (28.53 cm). Nonetheless, the order in which the treatments are rated could vary based on the rice's grain output, with T2 being higher than T3 > T5 > T4 > T1. The T2 treatment, along with the application of S and NPK, resulted in significantly greater 1000-grain weight (43.08 g), grain yield (2992 kg ha-1), and straw weight (4342 kg ha-1) for rice. There were no comparable differences in the 1000-grain weight across any of the other treatments (T3, T4, and T5). Similarly, in the T3 and T5 treatments, the second-highest yields of grain (2908 kg ha-1) and straw (4108 kg ha-1 in T5 and 4092 kg ha-1 in T3) were similar. The T5 treatment (2808 kg ha-1 and 4108 kg ha-1) was followed by the T3 treatment. These findings align with the findings of Gupta et al. (2004), who reported that the application of S resulted in a considerable increase in rice production and yield. Similar findings were also made in the studies conducted by Fan (2006), Bekir (2020), Peng et al. (2002), and Singh and Govil (2013).


[image: C:\Users\rober\AppData\Local\Packages\Microsoft.Windows.Photos_8wekyb3d8bbwe\TempState\ShareServiceTempFolder\100grainweight.jpeg]
Figure 1. Effect of different treatments on the 1000-grain weight and yield components of rice




















Table 2. Effect of different fertilizer recommendation rates on rice growth parameters

	[bookmark: _Hlk137050142]Fertilizer recommendation rate
	Number of Spikelet per panicle
	Panicle Length
	Seeds per
panicle
	Spikelet per 5plants
	Height at maturity of 5plants
	Grain weight for 5 panicles (g)
	50% Flowering
	Biomass weight (kg/ha

	Control
	10.90a
	24.95b
	114.6a
	69.50b
	[bookmark: _Hlk161749239]103.9a
	14.55 b
	6.650a
	1076a

	90-60-60
	11.85a
	25.85ab
	134.3a
	112.95ab
	108.1a
	18.89 ab
	5.650a
	958a

	90-60-60+20+3.3
	10.50a
	25.99ab
	140.8a
	98.15ab
	116.4a
	17.66 ab
	6.550a
	930a

	100-40-40+13.3S+2.2B
	11.50a
	24.99b
	132.1a
	81.25b
	111.7a
	18.85 ab
	6.500a
	930a

	100-60-60+20S+3.3B
	11.45a
	24.07b
	148.7a
	111.45ab
	118.6a
	18.70 ab
	8.450a
	1208a

	120-60-60+20S+3.3B
	12.05a
	28.53a
	181.6a
	125.95a
	117.0a
	24.84 a
	6.850a
	1076a

	150-90-90+30S+5B
	11.30a
	25.33ab
	163.4a
	90.15ab
	[bookmark: _Hlk161749197]119.0a
	20.89 ab
	7.000a
	1087a

	p value
	0.917
	0.017
	0.152
	0.020
	0.066
	0.029
	0.837
	0.622

	
	
	
	
	
	
	
	
	

	Control
	10.90a
	24.95a
	114.6a
	69.50b
	103.9c
	14.55a
	6.650a
	1076.0a

	90-60-60
	11.85a
	25.85a
	134.2a
	112.95a
	108.1bc
	18.89a
	5.650a
	958.1a

	90-60-30+27S+15MgO+1.8B+1.5Zn
	11.35a
	25.48a
	128.3a
	89.60ab
	108.4bc
	16.34 a
	4.850a
	1108.4a

	100-40-20+18S+10MgO+1.2B+1Zn
	12.70a
	25.88a
	145.2a
	107.30ab
	113.1abc
	21.43 a
	8.150a
	1073.0a

	100-60-30+27S+15MgO+1.8B+1.5Zn
	11.50a
	25.61a
	150.6a
	103.85ab
	116.7abc
	19.84 a
	7.250a
	1085.9a

	120-60-30+27S+1.8B+1.5Zn
	11.75a
	26.31a
	129.9a
	106.60ab
	122.8a
	20.29 a
	7.650a
	877.0a

	150-90-45+40.5S+22.5MgO+2.7B+2.25Zn
	11.10a
	26.14a
	165.5a
	102.00ab
	118.2ab
	21.42 a
	7.500a
	713.9a

	p value
	0.814
	0.865
	0.36
	[bookmark: _Hlk137045121]0.027
	0.003
	0.158
	0.154
	0.470

	
	
	
	
	
	
	
	
	

	Control
	10.90a
	24.95a
	114.6a
	69.50 a
	103.9a
	14.55a
	6.650a
	1076a

	90-60-60
	11.85a
	25.85a
	134.3a
	112.95a
	108.1a
	18.89a
	5.650a
	958a

	90-60-30+13S+6.3MgO+1.8B+1.5Zn
	11.40a
	26.79a
	160.6a
	84.60a
	115.4a
	24.60 a
	5.950a
	837a

	100-40-20+8.6S+4.2MgO+1.2B+1Zn
	11.10a
	25.36a
	140.2a
	95.30a
	111.2a
	19.93 a
	7.350a
	921a

	100-60-30+13S+6.3MgO+1.8B+1.5Zn
	10.95a
	27.19a
	132.4a
	100.95a
	116.4a
	20.21 a
	8.200a
	1234a

	120-60-30+13S+6.3MgO+1.8B+1.5Zn
	12.50a
	25.93a
	115.0a
	105.25a
	110.3a
	18.85 a
	7.950a
	1046a

	150-90-45+18S+9MgO+2.7B+2.25Zn
	11.10a
	25.58a
	167.3a
	96.45a
	112.5a
	21.33 a
	5.350a
	1203a

	p value
	0.701
	0.638
	0.143
	0.219
	0.098
	0.144
	0.345
	0.047





Figure 1. Treatments effect on plant height. T1 (Control); T2 (90-60-60); T3 (100-40-40); T4 (100-60-60); T5 (120-60-60); T6 (150-90-90); T7 (90-60-60 + 3B); T8 (100-40-40 + 13.3S + 2.2B); T9 (100-60-60 + 20S + 3.3B); T10 (120-60-60 + 20S + 3.3B); T11 (150-90-90 + 30S + 5B); T12 (90-60-30 + 27S + 15MgO + 1.8B + 1.5Zn); T13 (100-40-20 +18S + 10MgO + 1.2B + 1Zn); T14 (100-60-30 + 27S + 15MgO + 1.2B + 1Zn); T15 (120-60-30 + 27S + 1.8B + 1.5Zn); T16(150-90-45 + 40.5S + 22.5MgO + 2.7B + 2.25Zn); T17 (90-60-30 + 13S + 6.3MgO + 1.8B + 1.5Zn); T18 (100-40-20 + 8.6S + 4.2MgO + 1.2B + 1Zn); T19 (90-60-30 + 13S + 6.3MgO + 1.8B + 1.5Zn); T20 (120-60-30 + 13S + 6.3MgO + 1.8B + 1.5Zn); T21 (150-90-45 + 18S + 9MgO + 2.7B + 2.25Zn).
              Values are Mean ± standard deviation. Columns with the same alphabets are significantly not different (Tukey’s HSD, p>0.05).












Figure 2. Treatments effect on leaf chlorophyll content. T1 (Control); T2 (90-60-60); T3 (100-40-40); T4 (100-60-60); T5 (120-60-60); T6 (150-90-90); T7 (90-60-60 + 3B); T8 (100-40-40 + 13.3S + 2.2B); T9 (100-60-60 + 20S + 3.3B); T10 (120-60-60 + 20S + 3.3B); T11 (150-90-90 + 30S + 5B); T12 (90-60-30 + 27S + 15MgO + 1.8B + 1.5Zn); T13 (100-40-20 +18S + 10MgO + 1.2B + 1Zn); T14 (100-60-30 + 27S + 15MgO + 1.2B + 1Zn); T15 (120-60-30 + 27S + 1.8B + 1.5Zn); T16(150-90-45 + 40.5S + 22.5MgO + 2.7B + 2.25Zn); T17 (90-60-30 + 13S + 6.3MgO + 1.8B + 1.5Zn); T18 (100-40-20 + 8.6S + 4.2MgO + 1.2B + 1Zn); T19 (90-60-30 + 13S + 6.3MgO + 1.8B + 1.5Zn); T20 (120-60-30 + 13S + 6.3MgO + 1.8B + 1.5Zn); T21 (150-90-45 + 18S + 9MgO + 2.7B + 2.25Zn).
              Values are Mean ± standard deviation. Columns with the same alphabets are significantly not different (Tukey’s HSD, p>0.05).

[bookmark: _Hlk223952423]

Figure 3. Influence of the treatments on number of tillers. T1 (Control); T2 (90-60-60); T3 (100-40-40); T4 (100-60-60); T5 (120-60-60); T6 (150-90-90); T7 (90-60-60 + 3B); T8 (100-40-40 + 13.3S + 2.2B); T9 (100-60-60 + 20S + 3.3B); T10 (120-60-60 + 20S + 3.3B); T11 (150-90-90 + 30S + 5B); T12 (90-60-30 + 27S + 15MgO + 1.8B + 1.5Zn); T13 (100-40-20 +18S + 10MgO + 1.2B + 1Zn); T14 (100-60-30 + 27S + 15MgO + 1.2B + 1Zn); T15 (120-60-30 + 27S + 1.8B + 1.5Zn); T16(150-90-45 + 40.5S + 22.5MgO + 2.7B + 2.25Zn); T17 (90-60-30 + 13S + 6.3MgO + 1.8B + 1.5Zn); T18 (100-40-20 + 8.6S + 4.2MgO + 1.2B + 1Zn); T19 (90-60-30 + 13S + 6.3MgO + 1.8B + 1.5Zn); T20 (120-60-30 + 13S + 6.3MgO + 1.8B + 1.5Zn); T21 (150-90-45 + 18S + 9MgO + 2.7B + 2.25Zn).
              Values are Mean ± standard deviation. Columns with different alphabets varied significantly (Tukey’s HSD, p<0.05).



	






[image: ]Figure 4. Effect of treatment on grain yield of rice. Bars with similar alphabets are significantly not different using Tukey HSD, p>0.05.  Control (TI); 90-60-60 (T2); 90-60-60+20S+3.3B (T7); 100-40-40+13.3S+2.2B (T8); 100-60-60+20S+3.3B (T9); 120-60-60+20S+3.3B (T10); 150-90-90+30S+5B (T11);  90-60-30+27S+15MgO+1.8B+1.5Zn (T12); 100-40-20+18S+10MgO+1.2B+1Zn (T13); 100-60-30+27S+15MgO+1.8B+1.5Zn (T14); 120-60-30+27S+1.8B+1.5Zn (T15); 150-9045+40.5S+22.5MgO+2.7B+2.25Zn (T16):  90-60-30+13S+6.3MgO+1.8B+1.5Zn (T17); 100-40-20+8.6S+4.2MgO+1.2B+1Zn (T18); 100-60-30+13S+6.3MgO+1.8B+1.5Zn (T19); 120-60-30+13S+6.3MgO+1.8B+1.5Zn (T20); 150-90-45+18S+9MgO+2.7B+2.25Zn (T21).








[bookmark: _Hlk223954363]3.2. Macronutrient concentrations in rice grain and straw
 3.2.1. Nitrogen contents in rice grains and straw
[bookmark: _Hlk163220196]Tables 3 and 4 show that different treatments had a significant impact on the concentration of nitrogen in the grain and straw. The rice grain nitrogen content varied from 0.07% (T1 control) to 2.24% (T17), whereas the straw nitrogen content ranged from 1.33% (T1) to 3.22% (T19). The treatment with T17 (NPK + S+ Mg+ B +Zn) yielded the highest content in both cases (2.24% in grain and 3.22% in straw). This was comparable to (T18) 3.01% (NPK + S + Mg + B + Zn) and (T12) 2.66% (NPK + S + Mg + Zn + B) for grain and (T13) 1.89% (NPK + S + Mg + B+ Zn) for straw. With only NPK administered at the recommended dosage, the control (T1) treatment had the lowest levels of N for both measures. Mustafa et al. (2022) and Klikocka and Marx (2018) confirmed that adding sulphur to NPK enhanced the use of nitrogen in the T2 treatment. The findings of Grzebisz et al. 2010 (2013), who indicated that the effective application of nitrogen enhanced the total uptake of nitrogen, are fully supported by these results as well. The available N status of the soil was increased above its starting state by the balanced application of NPKSZnB with and without organic additions. Paul et al., 2013; Fageria, 2016; Mehla et al. 2006, nitrogen interacts favourably with P and K absorption in agricultural plants. When macronutrients such as P, K, Ca, Mg, and S are present in suitable amounts in the soil, their uptake increases with the rate of nitrogen fixation. Increased root hairs, rhizosphere chemical alterations, and physiological changes triggered by N are thought to be linked to the enhancement of macronutrient uptake with N addition, which affects the transport of these elements Neumann and Römheld (2012); Jones et al., 1991). Additionally, according to Sachdev et al. (2000), grain without N plots exhibited noticeably reduced concentrations of N.
3.2.2. Phosphorus concentration in rice grain and straw
Even though the treatments' values varied numerically and ranged from 0.15% to 0.48% for both straw and grain to the control (T1), the P content in the rice grains did not differ significantly across all of them (Tables 3 and 4). In comparison to that in the control (T1) P treatment (0.48%), the P content increased with each treatment, even though there was no discernible difference between them. The T18 treatment produced the greatest percentage of P (0.67%), followed by the T13 (0.62%), T5 (0.60%), and T8 (0.59%) treatments. These findings are consistent with those of Neumann and Römheld (2012) and Jones et al. (1999), who determined that the ideal range for P concentration in rice grain was between 0.48 and 0.67%. The percentage of phosphorus in the rice straw ranged from 0.15 to 0.54. The T18 treatment had the highest percentage (0.54%), followed by the T3 and T16 treatments (0.34 and 0.33%), which were identical to one another, and the T1 treatment had the lowest percentage.
3.2.3. Potassium concentrations in rice grains and straw
[bookmark: _Hlk163220498][bookmark: _Hlk163221020]The K concentration in rice grain and straw was strongly impacted by the various treatment combinations, as shown in Tables 3 and 4. The potassium levels in the grain ranged from 0.08 to 2.95%, whereas in the straw, the potassium levels ranged between 0.53 and 1.34%. In terms of the K content in the grain, T7 had the greatest percentage (2.95%), followed by T2 (2.87%), T16 (2.75%), and T4 (2.68%). In terms of straw, T18 (1.34%) had the highest level. In T1 (control), K had the lowest content in both treatments (0.08% in grain and 0.53% in straw). Dash et al. (2015) reported that adequate growth and crop yield depend on the availability of potassium and sulphur in the soil in addition to N and P (Dash et al. (2015).
 3.2.4. Sulphur concentration in rice grain and straw
The findings shown in Tables 3 and 4 indicate that the application of a combination of several nutrient elements significantly affected the S concentration in the rice grain and straw. The amount of sulphur in the grain ranged from 0.03 to 0.15%, whereas the amount in the straw ranged from 0.03 to 0.08%. The T10 and T11 treatments had the greatest S content in the context of grain, at 0.12 and 0.15%, respectively. All values obtained from treatments other than the control were identical, but they were all significantly greater than that of the T1 control (0.03%). However, treatment T9 produced the significantly highest S concentration in straw, at 0.08%, compared to the lowest value of 0.03% in T1. This was followed by T9 (0.08%), T8 (0.07%), and T4 (0.06%) and the T1 control (0.03%). Higher rates of S application may also result in greater crop nutrient availability due to improved soil fertility; this could also lead to an increase in the S nutrient content in grain and straw. These results are in line with the findings of Singh et al. (2014).

3.2.5. Magnesium concentration in rice grain and straw
Tables 3 and 4 demonstrate that the concentration of magnesium in the rice grains was not significantly affected by the various treatment combinations. However, the combination of the T9 and T12 (0.13%) treatments had a significant impact on only the Mg in the rice straw; additionally, the same treatment yielded the highest Mg content (0.13%) in the grain (T9 and T12). Nevertheless, there was very little numerical variation in the Mg content of rice grain and straw across all treatments; the values for grain ranged from 0.08% to 0.13%, and those for straw ranged from 0.03% to 0.07%. For both parameters, the control group (T1) exhibited the lowest values (0.03 and 0.08%). The magnesium percentage reported here is consistent with studies conducted by Liu et al. (2021) and Dash et al. (2015), which demonstrated that rice plants should have a magnesium content between 0.15 and 0.50%. The findings regarding the magnesium content of the rice grain and straw showed that neither antagonistic nor synergistic behavior was observed in the treatment combinations with the appropriate dosages of the various nutrient elements used in the experiment. The grain and straw had relatively high amounts of magnesium when magnesium oxide, a magnesium-containing fertilizer, was applied to all the treatments.

3.3. Micro-nutrient concentrations in rice
3.3.1. Zinc concentrations in rice grain and straw
[bookmark: _Hlk163222282]Tables 3 and 4 show that the application of various treatments had a significant influence on the Zn concentrations in the rice grain and straw. The zinc concentration in the rice grains ranged from 26.17 to 34.08 ppm, while that in the straw ranged from 10.93 to 23.59 ppm. In both cases, the T5 (NPK + S + Mg + Zn + B) treatment resulted in the highest Zn concentrations of 34.08 ppm and 23.59 ppm in the grain and straw, respectively, while the T1 (control) treatment had the lowest Zn concentration. Compared to all other treatments, the Zn content obtained from the T5 treatment was significantly different. For both grain (30.77 ppm) and straw, the T4 treatment had the second-highest level (22.00 ppm). The grain Zn content extracted from T4 was statistically comparable to that extracted from T2 (29.33 ppm) and T3 (28.04 ppm). The results showed that the Zn concentration in the grain of each treatment was much greater than that in the straw. T5 had a similar statistical significance to that of T4, followed by T3, T2, and T1. However, in line with Amanullah et al. (2020), the addition of zinc increased the zinc content in rice grain and straw in both treatments T4 and T5. According to Muthukumararaja and Sriramachandrasekharan (2012), rice with no Zn fertilizer had an average grain Zn concentration of 28.96 ppm; however, after Zn fortification, this concentration increased to 36.61 ppm. The conclusions drawn from their findings fully support our results. Higher N rates were found to have a positive impact on grain Zn content, which was significantly greater in grain from all treatments than in straw, according to Shi et al. (2010). Nonetheless, it was discovered that adding zinc to rice grains and straw increased the zinc content in both treatments T4 and T5, which is consistent with Sultana's findings (2021) and Ammara et al. (2026).  According to Muthukumararaja and Sriramachandrasekharan (2012), the rice grain Zn content without Zn fertilizer was 28.96 ppm, but after Zn fortification, it increased to 36.61 ppm. Higher N application rates were found to have a favourable impact on zinc accumulation in rice grains by Amanullah et al. (2020).








      Table 3. Effect of different treatments on the nutrient content of rice straw
	Treatment
	% N
	Ca %
	Mg %
	K %
	Zn mg/Kg
	S %
	% P 
	Fe mg/kg

	Absolute Control
	1.47
	0.41
	0.03
	0.53
	12.32
	0.03
	0.27
	42.32

	90-60-60
	1.33
	0.64
	0.04
	1.13
	17.25
	0.05
	0.26
	58.3

	100-40-40
	1.96
	0.63
	0.04
	1.09
	18.32
	0.06
	0.34
	57.2

	100-60-60
	1.96
	0.71
	0.06
	0.98
	18.05
	0.06
	0.18
	60.32

	120-60-60
	2.17
	0.7
	0.06
	1.32
	17.39
	0.04
	0.28
	55.3

	150-90-90
	2.17
	0.65
	0.05
	1.18
	20.25
	0.05
	0.29
	51.24

	90-60-60+20+3.3
	1.89
	0.82
	0.05
	1.07
	18.2
	0.05
	0.28
	61.32

	100-40-40+13.3S+2.2B
	2.1
	0.76
	0.06
	0.99
	17.32
	0.07
	0.24
	59.36

	100-60-60+20S+3.3B
	2.03
	0.74
	0.07
	1.03
	18.3
	0.08
	0.3
	60.3

	120-60-60+20S+3.3B
	2.45
	0.59
	0.07
	1.2
	19.32
	0.05
	0.32
	61.2

	150-90-90+30S+5B
	2.17
	0.62
	0.07
	1.16
	17.25
	0.08
	0.25
	60.2

	90-60-30+27S+15MgO+1.8B+1.5Zn
	2.66
	0.68
	0.05
	1.1
	18.33
	0.06
	0.24
	58.32

	100-40-20+18S+10MgO+1.2B+1Zn
	2.31
	0.79
	0.07
	1
	18.06
	0.05
	0.29
	54.2

	100-60-30+27S+15MgO+1.8B+1.5Zn
	2.52
	0.81
	0.05
	0.95
	17.6
	0.05
	0.15
	55.32

	120-60-30+27S+1.8B+1.5Zn
	2.24
	0.56
	0.05
	0.98
	19.08
	0.02
	0.27
	61.02

	150-90-45+40.5S+22.5Mg0+2.7B++2.25Zn
	2.45
	0.61
	0.06
	1.05
	17.35
	0.04
	0.33
	58.2

	90-60-30+13S+6.3MgO+1.8B+1.5Zn
	2.24
	0.72
	0.04
	1.13
	18.2
	0.04
	0.25
	54.25

	100-40-20+8.6S+4.2MgO+1.2B+1Zn
	3.01
	0.59
	0.05
	1.34
	17.6
	0.03
	0.54
	59.3

	100-60-30+13S+6.3MgO+1.8B+1.5Zn
	3.22
	0.63
	0.06
	1.2
	18.2
	0.04
	0.27
	57.21

	120-60-30+13S+6.3MgO+1.8B+1.5Zn
	2.31
	0.72
	0.04
	1.06
	17.6
	0.02
	0.29
	56.3

	150-90-45+18S+9MgO+2.7B+2.25Zn
	2.03
	0.69
	0.06
	1.17
	19.3
	0.05
	0.28
	60.35

	CV %
	4.64
	4.87
	5.57
	7.21
	3.46
	5.46
	7.13
	6.58

	F-value
	7.00
	3.39
	5.99
	1.79
	2.34
	1.56
	5.38
	5.37

	Lsd
	1.46
	4.61
	4.24
	1.10
	8.74
	3.74
	2.84
	5.32







Table 4. Effect of different treatments on the nutrient content of rice grains.
	Treatment
	% N
	Ca %
	Mg %
	K %
	Zn mg/Kg
	S %
	% P 
	Fe mg/kg

	Absolute Control
	0.28
	1.16
	0.08
	0.08
	15.52
	0.05
	0.55
	71.4

	90-60-60
	0.07
	1.3
	0.11
	2.87
	16.24
	0.11
	0.57
	82.8

	100-40-40
	2.03
	1.28
	0.13
	2.49
	20.4
	0.1
	0.55
	93.4

	100-60-60
	0.63
	1.3
	0.13
	2.68
	27.36
	0.03
	0.48
	81

	120-60-60
	0.14
	1.29
	0.12
	2.3
	22.48
	0.04
	0.6
	135.6

	150-90-90
	1.33
	1.3
	0.12
	2.48
	22.16
	0.1
	0.55
	110.4

	90-60-60+20+3.3
	1.54
	1.28
	0.09
	2.95
	24.24
	0.09
	0.5
	88.2

	100-40-40+13.3S+2.2B
	1.75
	1.32
	0.11
	2.3
	26.08
	0.08
	0.59
	77.8

	100-60-60+20S+3.3B
	0.84
	1.29
	0.13
	2.37
	28.24
	0.1
	0.51
	101.2

	120-60-60+20S+3.3B
	0.63
	1.3
	0.11
	1.64
	30.64
	0.12
	0.56
	92.8

	150-90-90+30S+5B
	1.89
	1.32
	0.12
	2.22
	29.2
	0.15
	0.55
	80.4

	90-60-30+27S+15MgO+1.8B+1.5Zn
	0.07
	1.3
	0.12
	2.26
	31.2
	0.1
	0.6
	101

	100-40-20+18S+10MgO+1.2B+1Zn
	1.89
	1.29
	0.12
	2.14
	26.8
	0.09
	0.62
	86.4

	100-60-30+27S+15MgO+1.8B+1.5Zn
	1.68
	1.32
	0.13
	2.33
	32.24
	0.11
	0.55
	77.8

	120-60-30+27S+1.8B+1.5Zn
	1.82
	1.33
	0.1
	2.41
	33.04
	0.07
	0.54
	98.6

	150-90-45+40.5S+22.5Mg0+2.7B++2.25Zn
	1.4
	1.31
	0.1
	2.75
	35.44
	0.06
	0.58
	104.4

	90-60-30+13S+6.3MgO+1.8B+1.5Zn
	2.24
	1.28
	0.12
	2.52
	33.12
	0.05
	0.54
	95.6

	100-40-20+8.6S+4.2MgO+1.2B+1Zn
	1.61
	1.3
	0.12
	2.03
	37.12
	0.05
	0.67
	113.2

	100-60-30+13S+6.3MgO+1.8B+1.5Zn
	1.75
	1.32
	0.11
	1.99
	40
	0.06
	0.49
	134.8

	120-60-30+13S+6.3MgO+1.8B+1.5Zn
	1.96
	1.33
	0.1
	1.64
	40.64
	0.08
	0.56
	109.8

	150-90-45+18S+9MgO+2.7B+2.25Zn
	1.96
	1.34
	0.1
	1.99
	38.8
	0.07
	0.55
	107.8

	CV % 
	1.11
	1.01
	1.09
	1.48
	5.20
	1.04
	1.04
	5.38

	F-value
	9.88
	3.03
	5.06
	1.34
	9.24
	4.97
	2.30
	4.44

	Lsd
	2.06
	
	1.99
	4.62
	2.14
	1.20
	8.22
	7.40













Table 5. Initial soil analysis

	Treatment
	pH
	TN
%
	OM
%
	OC
%
	P ppm
	Ca
cmol/100 g
	Mg
cmol/100 g
	K
cmol/100 g
	Na
cmol/100 g
	TEB
cmol/100 g
	Ex. Acid (Al+H)
	ECEC
cmol/100 g
	% B. S
	% SAND
	% SILT
	% CLAY
	TEXTURE

	BLOCK 1
	6.07
	0.27
	5.09
	2.95
	3.79
	6.63
	3.00
	0.21
	0.22
	10.07
	1.05
	11.12
	90.55
	26.00
	66.00
	8.00
	Silty Loam

	BLOCK 2
	6.64
	0.24
	4.54
	2.63
	3.15
	7.81
	2.25
	0.19
	0.39
	10.64
	0.90
	11.54
	92.20
	22.00
	60.00
	8.00
	Silty Loam

	BLOCK 3
	6.29
	0.26
	4.82
	2.79
	3.36
	5.78
	3.42
	0.25
	0.31
	9.77
	1.00
	10.77
	90.71
	36.00
	60.00
	4.00
	Silty Loam

	BLOCK 4
	7.04
	0.19
	3.58
	2.07
	3.06
	5.99
	4.07
	0.19
	0.09
	10.33
	0.45
	10.78
	95.83
	44.00
	56.00
	8.00
	Silty Loam




Table 6. Chemical analysis of soil after harvest
	Treatment
	pH
	% TN
	% OC
	% OM
	P ppm
	Ca cmol/100 g
	Mg cmol/100 g
	K cmol/100 g
	Na cmol/100 g
	TEB cmol/100 g
	Ex. Acid (Al+H)
	ECEC
cmol/100 g
	% B.S
	% SAND
	% SILT
	% CLAY
	TEXTURE
	S mg/kg
	Zn ppm
	Fe ppm

	Absolute Control
	6.42
	0.22
	2.43
	4.18
	3.41
	6.70
	2.86
	0.19
	0.05
	9.80
	0.15
	9.95
	98.49
	67.00
	21.00
	12.00
	SILTY LOAM
	26.53
	5.32
	111.99

	90-60-60
	7.44
	0.20
	2.19
	3.77
	23.99
	13.91
	2.56
	0.23
	0.03
	16.73
	0.04
	16.77
	99.76
	75.00
	17.00
	8.00
	SILTY LOAM
	27.21
	9.32
	129.87

	100-40-40
	6.81
	0.18
	2.03
	3.49
	1.60
	9.63
	1.64
	0.24
	0.04
	11.55
	0.10
	11.65
	99.14
	69.00
	21.00
	10.00
	SILTY LOAM
	29.25
	10.25
	146.50

	100-60-60
	6.23
	0.18
	2.00
	3.44
	24.29
	10.06
	1.17
	0.20
	0.02
	11.45
	0.12
	11.57
	98.96
	73.00
	17.00
	10.00
	SILTY LOAM
	36.74
	13.25
	127.05

	120-60-60
	5.71
	0.24
	2.71
	4.66
	2.98
	6.53
	1.13
	0.20
	0.03
	7.89
	0.17
	8.06
	97.89
	69.00
	21.00
	10.00
	SILTY LOAM
	34.02
	14.02
	212.68

	150-90-90
	6.90
	0.21
	2.35
	4.04
	2.54
	10.91
	2.10
	0.23
	0.04
	13.28
	0.10
	13.38
	99.25
	71.00
	21.00
	8.00
	SILTY LOAM
	38.10
	12.10
	173.16

	90-60-60+20+3.3
	6.94
	0.19
	2.03
	3.49
	2.18
	9.20
	2.24
	0.21
	0.03
	11.68
	0.11
	11.79
	99.07
	73.00
	19.00
	8.00
	SILTY LOAM
	29.25
	13.24
	138.34

	100-40-40+13.3S+2.2B
	6.88
	0.17
	2.00
	3.44
	1.89
	9.63
	1.60
	0.20
	0.02
	11.45
	0.10
	11.55
	99.13
	75.00
	19.00
	6.00
	SILTY LOAM
	32.65
	13.24
	122.03

	100-60-60+20S+3.3B
	7.07
	0.18
	2.00
	3.44
	1.96
	12.35
	2.14
	0.30
	0.04
	14.83
	0.04
	14.87
	99.73
	73.00
	23.00
	4.00
	SILTY LOAM
	36.06
	14.25
	158.73

	120-60-60+20S+3.3B
	6.78
	0.21
	2.47
	4.25
	0.87
	8.54
	1.20
	0.17
	0.05
	9.96
	0.10
	10.06
	99.01
	69.00
	23.00
	8.00
	SILTY LOAM
	31.29
	15.24
	145.55

	150-90-90+30S+5B
	7.04
	0.17
	1.88
	3.23
	1.75
	11.32
	2.31
	0.30
	0.06
	13.99
	0.05
	14.04
	99.64
	71.00
	17.00
	12.00
	SILTY LOAM
	35.38
	16.32
	126.11

	90-60-30+27S+15MgO+1.8B+1.5Zn
	6.88
	0.19
	2.07
	3.56
	1.31
	12.30
	2.56
	0.19
	0.03
	15.08
	0.10
	15.18
	99.34
	69.00
	17.00
	14.00
	SILTY LOAM
	29.25
	15.32
	158.42

	100-40-20+18S+10MgO+1.2B+1Zn
	6.73
	0.20
	2.23
	3.84
	0.65
	10.65
	3.07
	0.21
	0.04
	13.97
	0.10
	14.07
	99.29
	69.00
	21.00
	10.00
	SILTY LOAM
	30.61
	12.35
	135.52

	100-60-30+27S+15MgO+1.8B+1.5Zn
	6.25
	0.20
	2.27
	3.90
	0.80
	9.65
	1.36
	0.17
	0.02
	11.20
	0.15
	11.35
	98.68
	67.00
	23.00
	10.00
	SILTY LOAM
	38.10
	16.35
	122.03

	120-60-30+27S+1.8B+1.5Zn
	6.60
	0.18
	1.92
	3.30
	1.45
	13.25
	2.36
	0.20
	0.03
	15.84
	0.10
	15.94
	99.37
	69.00
	17.00
	14.00
	SILTY LOAM
	30.61
	17.25
	154.65

	150-90-45+40.5S+22.5Mg0+2.7B++2.25Zn
	6.70
	0.20
	2.23
	3.84
	1.53
	12.20
	2.14
	0.13
	0.04
	14.51
	0.11
	14.62
	99.25
	73.00
	17.00
	10.00
	SILTY LOAM
	41.50
	18.32
	163.75

	90-60-30+13S+6.3MgO+1.8B+1.5Zn
	6.45
	0.19
	2.11
	3.63
	0.22
	10.30
	2.56
	0.20
	0.03
	13.09
	0.13
	13.22
	99.02
	73.00
	23.00
	4.00
	SILTY LOAM
	37.42
	15.24
	149.95

	100-40-20+8.6S+4.2MgO+1.2B+1Zn
	6.31
	0.21
	2.27
	3.90
	0.51
	9.30
	1.20
	0.17
	0.04
	10.71
	0.15
	10.86
	98.62
	67.00
	19.00
	14.00
	SILTY LOAM
	30.61
	17.24
	177.55

	100-60-30+13S+6.3MgO+1.8B+1.5Zn
	6.47
	0.19
	2.11
	3.63
	1.24
	8.56
	2.14
	0.20
	0.04
	10.94
	0.13
	11.07
	98.83
	71.00
	25.00
	4.00
	SILTY LOAM
	36.06
	17.20
	211.43

	120-60-30+13S+6.3MgO+1.8B+1.5Zn
	6.40
	0.20
	2.19
	3.77
	1.16
	12.30
	2.07
	0.19
	0.03
	14.59
	0.12
	14.71
	99.18
	79.00
	11.00
	10.00
	SILTY LOAM
	36.74
	16.34
	172.22

	150-90-45+18S+9MgO+2.7B+2.25Zn
	6.31
	0.21
	2.43
	4.18
	1.31
	10.20
	2.50
	0.20
	0.02
	12.92
	0.13
	13.05
	99.00
	73.00
	19.00
	8.00
	SILTY LOAM
	38.10
	17.20
	169.08











4. Conclusions
[bookmark: _Hlk161913668]The application of the treatment combinations in the experiment had a significant impact on the rice plant height, number of tillers per hill, yield of grains, and weight of the straw. The application of the micronutrient’s Zn and B, as well as the secondary nutrients S and Mg, to the rice crop had a significant impact on these parameters. Rice grain yields ranged from 794.14 to 836.94 kg ha-1, while straw yields ranged from 1341.75 to 2494.25 kg ha-1. In the T2 treatment (NPK + S), the greatest plant height, number of tillers per hill, weight of 1000 grains (43.08 g), grain yield (836.94 kg ha-1), and straw weight (2494.25 kg ha-1) of the rice plants were measured. The use of various treatments had a significant impact on the amount of N, K, S, and Zn, nutrients found in rice grain and straw. There was no significant difference in the P or Mg content among the treatments. The contents of N, P, K, S, Mg, and Zn in the rice grains ranged from 0.07 to 2.24% N, 0.49 to 0.62% P, 0.08 to 2.87% K, 0.03 to 0.15% S, 0.08 to 0.13% Mg, and 15.52 to 40.64 ppm Zn, respectively. Similarly, the nutrient content in straw ranged from 1.33% to 3.22% N, 0.18% to 0.54% P, 0.53% to 1.34% K, 0.03% to 0.8% S, 0.03% to 0.07% Mg, and 12.32 to 20.25 ppm Zn. The primary outcome of this study was how various treatments consisting of involving the micronutrients Zn and the secondary nutrients S and Mg affected various aspects of rice (Legon 1) uptake and the production of various nutrients. Among the treatments, T2, which consisted of the recommended dose of NPK, greatly enhanced the following parameters: plant height, number of tillers/hill, yield of grain and straw, and rice grain and straw uptake of N, P, K, and S. Therefore, the T10, T13, T14 and T12 treatments for broader areas in economic contexts and the T21 treatment for micronutrient contexts could be efficient practices for achieving sustainable yields with maximum nutrient uptake in the Adwaase soil. The study showed that the combination of NPK with micronutrients (S, B, and Zn) significantly increased yield and yield attributed to rice. The vegetative parameters, such as plant height, chlorophyll content, and number of tillers per treatment, were significantly different among T10, T13, T14 and T12, which received Zn, B, and S and maintained soil fertility. The number of spikelets, panicle length, grain per panicle, straw weight and total grain yield were also high with the combination of B, S, and Zn with NPK. Based on the response from the treatment studied, it was concluded that the combinations (T10): 120-60-60+20S+3.3B; (T12): 90-60-30+27S+15MgO+1.8B+1.5Zn); (T13): 100-40-20+18S+10MgO+1.2B+1Zn); (T14): 100-60-30+27S+15MgO+1.8B+1.5Zn); (T21): 150-90-45+18S+9MgO+2.7B+2.25Zn) ha-1 with the local recommended rate of NPK had relatively high yields of rice. It is recommended that the study be conducted in different locations within the region to validate the results.
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