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Soil Properties and Wheat Yield under STCR-Based Nutrient Application in an Inceptisol
ABSTRACT
Soil Science and Soil Test Crop Response-based nutrient application is an important strategy for improving soil fertility, nutrient use efficiency, and sustainable wheat production in Agronomy. Inceptisols, widely cultivated for wheat, often face nutrient imbalances that limit productivity and soil health. A field experiment was conducted for two consecutive years during the Rabi seasons of 2020-21 and 2021-22, at Sam Higginbottom University of Agriculture, Technology & Sciences, Prayagraj, District of Uttar Pradesh. The central objective of this experimentation was to evaluate the implications of employing a Soil Test Crop Response (STCR) strategy for fertilizer application and its chaser impact on soil attributes and yield within the background of Inceptisol soil order, with a focused attention on wheat (Triticum aestivum L.) cultivate within the Prayagraj region. Sandy loam in soil texture, belongs to soil order Inceptisol and neutral in soil reaction. Soil samples were taken from two depth viz.0-15 cm and 15-30 cm and analyzed for their physico-chemical properties (BD, PD, Soil pH, and OC). The experiment was carried out in Randomized Block Design and replicated thrice with 9 treatments. The best treatment combination was (T9) STB (100:75:50 NPK kg/ha + FYM 15 t/ha), which displayed grain yield of 6.50 t /ha on a pooled basis respectively. It is concluded that the advantageous use of NPK fertilizers with FYM- based organic fertilizer on STCR standpoint not only grant best wheat yield but also increased soil status and environment approachable.
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INTRODUCTION
Wheat is the second most important cereal crop in India next to rice in respect of area and production. India has emerged as a significant player in the global wheat scenario, ranking second in wheat production with an annual output exceeding 100 million tonnes (Food and Agriculture Organization; Agricultural Statistics at a Glance, 2018).
The STCR perspective benefits farmers by optimizing fertilizer nutrient praxis and allowing for yield preference based on their economic conditions Bhatt et al.,2021, Kumar et al.,2022 and Kumar et al., 2023. In contrast, the ICAR soil test crop response (STCR) approach utilizes various reversion approach to establish determinable connection among crop yield, soil test values, and fertilizer inputs. This method supports the estimation of soil nutrient-providing ability, crop response to applied nutrients, and the advancement of fertilizer values linkage for planned yields within a scientific soil testing plan (Ramamoorthy et al., 1967). 
The soil physical properties play major function in establish its effectiveness for crop output. Productivity of the soil is the role of handling exercises which are driven by its kinetics physical and chemical attributes. 
 In the 21st century, agriculture faces challenges such as food security, conserving environmental attribution, and supporting soil health. India, in particular, clash with diminishing land holdings and progressive input costs, adjust the required need for scientific attitude to nutrient handling to get crop productivity (Ghosh et al.,2004, and Hegde et al.,2004).
OBJECTIVES: 
1.To evaluate the soil properties for wheat cultivation. 
2.To assess the effect of integrated application of chemical fertilizers and FYM on wheat yield. 
3.To evaluate soil properties and crop response in Inceptisols. 

MATERIALS AND METHODS:
Experimental Site
The field experiment was conducted during the rabi seasons of 2020-2021 and 2021-2022, at the Soil Science Research farm, Department of Soil Science, Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj, (U.P.). 
Climatic Condition
The experimental study was conducted at the research farm located in the southern part of Prayagraj, situated on the right bank of the River Yamuna along the Rewa Road, approximately 6.5 km from Prayagraj city. Geographically, the experimental site is positioned at 25°24′30″ North latitude and 81°51′10″ East longitude, with an altitude of approximately 98.0 m above mean sea level.
Agro-climatically, the Prayagraj region falls within the subtropical zone of south-eastern Uttar Pradesh and is characterised by marked seasonal variations. The climate of the region is typified by extremely hot summers and moderately cold winters. During the summer season, the maximum temperature may rise up to 46°C, whereas winter temperatures occasionally decline to approximately 4–5°C. Relative humidity in the region generally ranges from 30% to 94%, depending upon the prevailing seasonal conditions.
The area receives an average annual rainfall of approximately 1100 mm, the majority of which is contributed by the south-west monsoon. The prevailing climatic conditions of the region are considered favourable for conducting field experiments on a wide range of agricultural crops under subtropical environmental conditions.
Collection of Soil Sample 
The Soil sample were collected randomly from five spots of the experimental farm at two depths (0-15 cm and 15-30 cm) just before laying out the experiment. The experiment was analyzed for physical and chemical properties, after air dried and passed through 2.0 mm size and size of sample reduced by coning and quartering. The soil data revealed that the soil belongs to the Inceptisols order, has a sandy loam texture, and exhibits a neutral soil reaction (pH 7.3 to 7.4).
Initial soil status of the experiment field during 2021
The initial soil status of the experimental field was assessed prior to the commencement of the experiment during the pre-sowing period (2021-22). Soil characteristics: Soil depth (0-15 cm), Soil pH (7.15), Electrical conductivity (0.29 dS/m), Organic carbon (0.63 %), Available nitrogen (229 kg/ha), Available phosphorus (23.51 kg/ha), Available potassium (219.35 kg/ha).
Field layout details 
Number of treatments nine, plot size was 3.0 m x 2.0 m, gross cultivated area was 250. 75 m2. The Wheat variety PBW-343 was used. Using spacing 22.5 cm x 5.0 cm, seed rate 100 kg/ha.  Thiram(fungicide) treating 3 seeds were placed in rows at a depth of 3.0 cm.
Table 1-List of treatment combinations used for the study
	Treatment
	Treatment combination

	T1
	Farmers practice (60:40:40 NPK kg /ha)

	T2
	General recommended fertilizer dose (GRD) (120:60:40 NPK kg /ha) 

	T3
	GRD + FYM 5 t /ha

	T4
	GRD + FYM 10 t /ha

	T5
	GRD + FYM 15 t /ha

	T6
	Soil test-based fertilizer dose (STB) (100:75:50 NPK kg /ha)

	T7
	STB+ FYM 5 t/ha 

	T8
	STB+ FYM 10 t/ha

	T9
	STB+ FYM 15 t/ha 




Statistical analysis and Design
The data recorded during the course of investigation was subjected to statistical analysis by ANOVA technique (R.A. Fisher,1959). The significant and non-significant of treatment effect was judged with the help of F (Variance Ratio) test. The significant difference between the mean were tested against the critical at 5% level. The experiment utilized 32 factorial Randomized Block Design (RBD) with three replications. The study involved the application of both types of fertilizers sources i.e., Organic manure, such as FYM, as well as inorganic types of fertilizers like Urea, SSP and MOP sources of NPK treatment, making 9 treatment combination, each replicated three times.
Application of Fertilizers
Table 2 - Source and amount of organic and inorganic fertilizers applied
	Sl. No.
	Rate of application
	Source of fertilizers
	Quantity applied per plot

	1.
	 Nitrogen
	60 kg-1 Urea containing 46 % N
100 kg-1 Urea containing 46 % N
120 kg-1 Urea containing 46 % N
	78.0 g
130.43 g
157.0 g

	2.
	Phosphorus
	40 kg-1 SSP containing 16 % P2O5
60 kg-1 SSP containing 16 % P2O5
75 kg-1 SSP containing 16 % P2O5
	150.0g
225.0 g
281.25g

	3.
	Potassium
	40 Kg-1 MOP containing 60 % K20
40 Kg-1 MOP containing 60 % K20
50 kg-1 MOP containing 60 % K20
	40.0 g
40.0g
50.0g

	4.
	Farm yard manure
	5 t-1 FYM 
10 t-1 FYM 
15 t-1 FYM 
	3.0 kg
6.0 kg
9.0 kg


A basal dose of FYM 5 t/ha,10 t/ha and 15 t/ha, was applied at the time of preparatory tillage and that fertilizers were applied @ FP (60:40:40 NPK kg/ha), GRD (120:60:40 NPK kg/ha) and STB (100:75:50 NPK kg/ha).Half of the dose of nitrogen and total doses of phosphorus and potash were applied as basal dressing before sowing and mixed with soil. The first 25% nitrogen was applied as top dressing at 21 DAS (CRI stage), rest 25% nitrogen was supplied at 45 DAS (Tillering stage). The fertilizers were applied in the form of urea, single super phosphate and muriate of potash. The quantity of fertilizers required for each plot was weighed separately and broadcasted after irrigation. The total amount of FYM required was 108 kg, the amount of Urea required was 3.52 kg , total amount of SSP required by 6.22 kg and the amount of MOP required 1.12 kg applied in experimental  plots (one plot size was 3.0 m x 2.0 m).
Soil Laboratory Studies 
After the post-harvest activities, which will be representative soil samples for the test were collected from each treated plot using a soil auger. The samples were air-dried, sieved, and analyzed for the both types as physical and chemical properties.
Methodologies Soil pH was determined by 1:2.5 soil water suspensions and measured by pH meter at 25 ºC as described by Jakson (1973). Electrical conductivity (EC) was determined by using digital conductivity meter as per procedure by Jakson (1973) in Deci siemens per meter (dS/m) at 25 ºC. Bulk density and Particle density was determined by using graduated cylinder method as described by Muthuvel et al. (1992). Organic carbon (OC) Rapid titration method as suggested by Walkley and Black (1934). Available nitrogen, Alkaline potassium permanganate method as described by Subbiah and Asija (1956). Available phosphorus, extraction procedure as described by Olsen’s et al. (1954) and the absorbance of the developed blue colour was read on Spectrophotometer at 660 nm wavelength. The available potassium was extracted with neutral normal ammonium acetate and estimated by using Flame photometer as described by Jakson (1973).
RESULTS AND DISCUSSION 
Soil Property (Bulk density) under STCR-Based Nutrient Application in an Inceptisol 
Non - significant impact was observed on bulk density, which varied between 1.11 Mg m-3 to 1.32 Mg m-3 for the respective years and pooled data, bulk density is the best under combined application of FYM and NPK. The reduction in bulk density may be attributed to the addition of FYM (Table 3). The findings are in accordance with the results reported by Binjola et al., (2018) the data on soil bulk density under different treatments revealed that the combined application of FYM and NPK resulted in a reduction in bulk density, which ranged from 1.47 to 1.43 Mg m-3.
Soil Property (Particle density) under STCR-Based Nutrient Application in an Inceptisol
Particle density showed non-significant differences, ranging from 2.65 Mg m-3 to 2.66 Mg m-3 during pooled years data, the application of STCR-based fertilizers and manure resulted in statistically non-significant variation in particle density in pooled data (Table 3).  particle density did not show any significant change due to continuous application of fertilizer and organic manure, similar findings have also been reported by Nandapure et al., (2011) and Ram et al., (2010). 
Soil Property (pH) under STCR-Based Nutrient Application in an Inceptisol
The variations in soil pH among different treatments were non-significant, with values ranging from 7.3 to 7.4 for the respective years and pooled basis, these results were neutral in soil pH due to addition of FYM (Table 3). The soil pH is an important parameter which analyzed to help in the identification of the chemical nature of the soil reaction (Meena et al.,2023 and Bhatt et al.,2017). 
Soil Property (Organic carbon) under STCR-Based Nutrient Application in an Inceptisol
The data indicated significantly higher organic carbon content, varying from 0.53 to 0.77 % for the respective years and pooled basis (Table 3). It was indicated that content of soil OC was decreased at consecutive increase in soil depths. Earlier, similar work of Singh (2012), who studied the depth wise distribution of organic carbon and reported that soil organic carbon content decreased with increase in soil depth.
Wheat (Straw Yield) under STCR-Based Nutrient Application in an Inceptisol
Visibly, treatment (T9) exhibited a markedly higher straw yield, recording values of 7.80 t/ha respectively followed by T8 (7.76 t/ha) for both years of cropping as well as in the overall pooled data (Table 3) These finding resonate with the observations of Singh and Kaur (2004), founded that increasing nitrogen levels along with and FYM application increased straw yield of wheat. The increased yield of wheat appears to be the result of a combination of yield-attributing characters supported by a balanced supply of nutrients, as reported by Bangre et al., (2020) The findings of the present experiment confirmed the reported by Moharana et al., (2017).


Wheat (Grain Yield) under STCR-Based Nutrient Application in an Inceptisol
Particularly, Treatment (T9) emerges with a notably higher grain yield, achieving values of 6.50 t/ha during the pooled years data. Similarly, treatment (T8) demonstrated consistent grain yields of 6.47 t/ha across both years of cropping as well as when considering pooled data (Table 3). Highlighted the positive impact of applying fertilizers on the yield of wheat, they pointed out that best grain yield was achieved when applied a specific combination of nutrients: 120:60:40 NPK kg/ha, This observation finds support in previous research, which was  conducted by Laghari et al., (2010), Singh (2017), Aatif et al., (2017), Shah et.al., (2006), Tiwari et al., (2013), Sellamuthu et al., (2015), Singh et al., (2014), and Rai et al., (2016). These findings match with the results of my own study.
Table:3 Following characters observation recorded (2020-21 and 2021-22) in pooled basis.
	Character Treatments
	Bulk       density (Mg m-3)
	Particle density (Mg m-3)
	pH
	Organic carbon (%)
	Straw yield
(t/ha)
	Grain yield
(t/ha)

	T1
	1.31
	2.65
	7.36
	0.47
	6.78
	5.65

	T2
	1.31
	2.66
	7.42
	0.54
	7.14
	5.95

	T3
	1.27
	2.66
	7.38
	0.44
	7.65
	6.38

	T4
	1.22
	2.66
	7.42
	0.53
	7.45
	6.21

	T5
	1.12
	2.66
	7.35
	0.71
	7.39
	6.16

	T6
	1.31
	2.65
	7.35
	0.68
	7.56
	6.30

	T7
	1.32
	2.65
	7.35
	0.59
	7.61
	6.34

	T8
	1.25
	2.66
	7.42
	0.67
	7.76
	6.47

	T9
	1.11
	2.65
	7.38
	0.77
	7.80
	6.50

	F-test
	NS
	NS
	NS
	S
	S
	S

	C.D. Value 0.5%
	0.04
	0.00
	0.84
	0.06
	0.09
	0.07

	S.Ed.(±)
	0.07
	0.01
	1.78
	0.13
	0.18
	0.15


Fig. 1- Bar graph showing bulk density against different treatments
Fig. 2- Bar graph showing particle density against different treatments
Fig. 3-Bar graph showing grain yield against different treatments
CONCLUSION
The post-harvest chemical properties of the soil revealed that soil organic carbon content increased significantly with the application of NPK fertilisers in combination with farmyard manure (FYM). In contrast, soil physical and chemical parameters such as bulk density, particle density, electrical conductivity (EC), and soil pH did not exhibit significant variation among the treatments. Adequate and balanced nutrient supply is essential for enhancing crop productivity while maintaining long-term soil fertility and sustainability. The findings of the present investigation clearly demonstrated that the integrated application of organic and inorganic nutrient sources significantly improved soil health and crop performance. In particular, the combined use of farmyard manure at 15 t/ha along with the recommended dose of fertilisers (GRD) proved effective in improving the physicochemical properties of sandy loam soils and enhancing wheat productivity. The integrated nutrient management approach not only contributed to higher crop yield but also promoted better soil fertility status, thereby supporting sustainable agricultural production. These results suggest that the combined application of FYM and inorganic fertilisers is a suitable nutrient management strategy for the Inceptisol soils of the Prayagraj region under wheat cultivation.
FUTURE SCOPE OF THE STUDY
Soil management practices such as the inclusion of pulses in the cropping system, integrated use of crop residues, sewage sludge, poultry manure, and night soil, along with the use of biofertilizers and vermicompost, play a vital role in improving soil properties and sustaining soil fertility for higher crop production.
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1st year	T1	T2	T3	T4	T5	T6	T7	T8	T9	1.31	1.31	1.27	1.22	1.1200000000000001	1.31	1.32	1.25	1.1100000000000001	2nd year	T1	T2	T3	T4	T5	T6	T7	T8	T9	1.32	1.34	1.29	1.27	1.18	1.32	1.27	1.2	1.1200000000000001	Pooled	T1	T2	T3	T4	T5	T6	T7	T8	T9	1.31	1.32	1.26	1.24	1.1499999999999999	1.31	1.29	1.22	1.1100000000000001	Treatments 

Bulk density (Mgm-3)



1st year	T1	T2	T3	T4	T5	T6	T7	T8	T9	5.57	6.09	6.34	6.07	6.17	6.24	6.18	6.45	6.49	2nd year	T1	T2	T3	T4	T5	T6	T7	T8	T9	5.73	5.82	6.42	6.36	6.15	6.37	6.51	6.49	6.52	Pooled	T1	T2	T3	T4	T5	T6	T7	T8	T9	5.65	5.95	6.38	6.21	6.16	6.3	6.34	6.47	6.5	Treatments 

Grain yield(tha-1)



1st year	T1	T2	T3	T4	T5	T6	T7	T8	T9	5.57	6.09	6.34	6.07	6.17	6.24	6.18	6.45	6.49	2nd year	T1	T2	T3	T4	T5	T6	T7	T8	T9	5.73	5.82	6.42	6.36	6.15	6.37	6.51	6.49	6.52	Pooled	T1	T2	T3	T4	T5	T6	T7	T8	T9	5.65	5.95	6.38	6.21	6.16	6.3	6.34	6.47	6.5	Treatments 

Grain yield(tha-1)



1st year	T1	T2	T3	T4	T5	T6	T7	T8	T9	2.66	2.66	2.66	2.66	2.66	2.65	2.66	2.66	2.66	2nd year	T1	T2	T3	T4	T5	T6	T7	T8	T9	2.65	2.66	2.66	2.66	2.66	2.66	2.65	2.66	2.65	Pooled	T1	T2	T3	T4	T5	T6	T7	T8	T9	2.65	2.66	2.66	2.66	2.66	2.65	2.65	2.66	2.65	Treatments 

Particle density (Mgm-3)



