Impact of Soil Test Based Fertilizer Application along with Micronutrient Sprays on Yield and Economics in Rice
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   ABSTRACT
The Krishi Vigyan Kendra (KVK) in Bhadradri Kothagudem conducted Front Line Demonstrations (FLD) on soil test based fertilizer application including foliar spraying of need based nutrient solution ( ZnSO4 , Formula-4) during the Rabi seasons of 2018-19, 2019-20, and 2020-21 within its operational area. These demonstrations compared the effectiveness of recommended dose fertilizers application (N, P2O5, K2O) and soil test based fertilizer recommendation. The results showed that the soil test based fertilizer recommendation plots had higher cost-benefit ratios (B: C Ratio) of 2.57 :1,2.32 :1 and 2.35 :1 compared to the B: C ratios of  2.01 :1, 1.89:1 and 1.92:1 in normalfarmers practice plots during the corresponding years. 
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2. Introduction
Rice (Oryza sativa) is India's staple food, grown across diverse soils and climates, supporting a huge population. Rice is an integral part of the Indian diet, serving as the staple food for the majority of the population. As the second-largest producer of rice globally, India plays a significant role in the world rice market. However, intensive agriculture led to heavy withdrawal of nutrients from the soil by the high yielding rice varieties created an imbalanced and discriminate use of chemical fertilizers that has resulted in deterioration of soil health (Bhandari et al., 2002 and John et al., 2001). Fertilizers are one of the costliest inputs in agriculture and the use of the right amount of fertilizer at the right time is fundamental for farm profitability and environmental protection (Kimetu et al., 2004). Imbalanced use of fertilizers directly or indirectly causes adverse changes in soil properties and these changes are believed to have significant influences on the quality and productive capacity of the soil. For Indian soils, the most desirable nutrient use ratio of N:P2O5 :K2 O is 4:2:1 but the current ratio of 6.7:2.4:1 is far away from the mark (Ladha et al., 2003). According to FAO (2005), there is a gap of about 10 million tonnes of N, P, K nutrients between the crop removal and replenishment through fertilizers. To narrow down this gap, balanced use of fertilizers is the most imperative aspect and fertilizer application based on soil testing is being advocated throughout the world. A large portion of the untapped potential farm yield could be exploited by using optimum inputs and by adopting appropriate production techniques without incurring additional cost (Singh et al., 2011). Through soil testing, nutrients status and their imbalances are known so that the required amount of the nutrients to overcome imbalances can be applied. Though awareness of the importance of soil health and soil testing is gaining momentum, many are not unaware of test results interpretation and use of soil test based fertilizer (STBF) application (Jayalakshmi et al., 2021). The major constraints involved difficulty in understanding of soil testing, delay in getting the test reports, difficulty in following test based fertilizer recommendation, uncertainty in yield gain and lack of proper and scientific guidance (Patel et al., 2019, Ram Prasad et al.,2025 and Manna et al., 2005). 
The idea of "soil test based fertilizer recommendation" in the age of precision agriculture unifies the hotly contested strategies of "fertilizing the soil" versus "fertilizing the crop," guaranteeing actual balance (not just apparent balance) between the nutrients from the applied fertilizer and the nutrients found in the soil. Among the many techniques for determining fertilizer recommendations, the soil test based fertilizer application can distinctive in that it not only suggests a fertilizer dosage based on soil tests but also the amount of yield the farmer can anticipate if a good cultivation package is followed (Velayutham, 1979).Fertilizer is one of the most important and expensive inputs in agriculture and the application of correct amount of fertilizer is primary prerequisite for farm profitability and environmental safety (Kimetu et al, 2004). In India, fertilizers are generally applied to crops on the basis of generalized state level fertilizer recommendations, though the nutrient requirement of crops vary from place to place even for the same crop, as the fertility is highly variable chemical property of the soils. Fertilization of crops based on generalized recommendation leads to under fertilization or imbalanced fertilization, results in lower productivity, profitability along with environmental pollution.At this backdrop, Krishi Vigyan Kendra, Bhadradri Kothagudem conducted front line demonstrations to create awareness and to impart knowledge on soil test based fertilizer application along with micronutrient sprays in cultivation of rice in rabi season to reduce the indiscriminate and excessive use of fertilizers, reduction of cost of cultivation and to minimise the soil pollution.
3. Materials And Methods
The present study was undertaken by Krishi Vigyan Kendra (KVK), Bhadradri Kothagudem at ten different farmers fields (Table 1) of Bhadradri Kothagudem district of Telangana with two treatments T1: Soil test based fertilizer application including foliar spraying of micronutrient solution (technology demonstration) and T2: Farmers practice (without soil testing or check). The experiment was conducted consecutively for three years i.e. during Rabi season of 2019, 2020 and 2021. The methodology for the Front Line Demonstrations (FLD) followed guidelines outlined by Choudhary (1999) including experimental design, site selection, farmer selection, demonstration layout, and farmer participation. Agronomic practices were rigorously applied, with the rice varieties MTU-1010. KNM-118 and BPT-5204 cultivated in plots sized at 0.4 hectares across ten locations for each treatment. The recommended dose of fertilizer is 120:50:40 kg / ha of N, P2O5, K2O for rice. This soil test based fertilizer application to soil as well as foliar spray of ZnSO4 , Formula-4.



Table 1: Experimental location and farmers details along with coordinates
	Name of the farmer
	Village
	Latitude
	Longitude

	1.D. Ramulu
	Rampuram
	17° 26′ 37.50″ N 
	80° 40′ 06.21″ E

	2. K. V. Rao
	Rampuram
	17° 26′ 34.82″ N
	80° 34′ 51.43″ E

	3. K. Jogaiah
	Chandrugonda
	17° 22′ 51.41″ N
	80° 38′ 14.11″ E

	4. M. Veeru
	Ramavaram 
	17° 31′ 18.35″ N
	80° 40′ 39.21″ E

	5. M. Devula
	Ramavaram 
	17° 31′ 19.29″ N
	80° 39′ 39.18″ E

	6. E. V. Rao
	Janikipuram 
	17° 20′ 20.55″ N
	80° 43′ 33.18″ E

	7. P. Rama Koti
	Janikipuram 
	17° 21′ 28.33″ N
	80° 43′ 56.12″ E

	8. G. V. Rao
	Hemachendrapuram 
	17° 33′ 36.62″ N
	80° 35′ 55.10″ E

	9. G. Ratnakar Rao
	Chitti Ramavaram 
	17° 32′ 37.75″ N
	80° 36′ 40.60″ E

	10. M. Murali
	Chitti Ramavaram 
	17° 31′ 25.56″ N
	80° 38′ 19.17″ E


 
First soil is tested for pH, EC, N, P2O5 and K2O and based on test results fertilizers are recommended in different field during rabi 2018-19, 2019-20 and 2020-21 (Table 2). 33 % Nitrogen (first split), 100 % phosphorous and 50 % potassium were applied as basal dose at the time of transplantation and mixed with soil .Remaining two splits Nitrogen applied at the time of tillering and panicle initiation and 50 % potassium applied at the time of panicle initiation.   Urea, Diammonium phosphate (DAP) and Muriate of potash (MOP) were used as sources of N, P and K, respectively. Micronutrient solutions (ZnSO4 , Formula-4) solutions sprayed at 20 DAT and 35 DAT of rice for demo plot to supply micrionutrients. From each plot five plants were selected and measured the plant height and number of tillers per plant. Finally after the harvest of the crop the grain yield was expressed in kg/ha.


Table 2: Soil test based fertilizer recommendations in different at ten different farmers fields
	S. No
	Soil test results
	Recommendations based on soil test (Kg/ ha of N-P2O5 - K2O)

	
	pH
	EC
	N
	P2O5
	K2O
	

	1. D. Ramulu
	7.8
	0.41
	206
	34.2
	310
	156-35-28

	2. K. V. Rao
	7.1
	0.32
	258
	41.2
	306
	156-35-28

	3. K. Jogaiah
	6.9
	0.4
	273
	38.9
	312
	120-35-28

	4. M. Veeru
	7.8
	0.84
	234
	32.7
	280
	156-35-40

	5. M. Devula
	7.2
	0.25
	278
	31.4
	342
	120-35-28

	6. E. V. Rao
	7.4
	0.6
	202
	45.1
	224
	156-35-40

	7. P. Rama Koti
	7.4
	0.43
	198
	42.8
	312
	156-35-28

	8. G. V. Rao
	6.6
	0.40
	222
	14.6
	276
	156-50-40

	9. G. Ratnakar Rao
	7.8
	0.18
	264
	22.2
	312
	120-50-28

	10. M. Murali
	7.6
	0.62
	242
	36.4
	384
	120-35-28




3. Results and Discussion
3.1 Number of tillers per hill
More number of effective tillers per hill were observed more in the T1- soil test based fertilizer application plots (24, 23.5 and 24) compared to T2-farmers practice (18, 17.5 and 18) during rabi seasons 2018-19, 2019-20 and 2020-21, respectively (Table 3).

Table 3: Effect of soil test based fertilizer application along with foliar spraying of need based nutrient solutions on number of effective tillers per hill of rice
	
	Number of tillers per hill

	
	Farmers
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Mean

	2018-19
	T1- Demo
	23
	24
	23
	25
	22
	26
	25
	24
	24
	24
	24

	
	T2- Farmer practice
	18
	19
	18
	18
	20
	17
	17
	18
	17
	18
	18

	2019-20
	T1- Demo
	24
	24
	23
	24
	23
	23
	24
	24
	23
	23
	23.5

	
	T2- Farmer practice
	17
	18
	17
	18
	19
	18
	16
	17
	18
	17
	17.5

	2020-21
	T1- Demo
	24
	23
	22
	25
	21
	26
	25
	24
	25
	25
	24

	
	T2- Farmer practice
	19
	18
	20
	18
	17
	18
	18
	17
	18
	17
	18




3.2 Yield (kg / ha)
Higher yield was observed in the T1-soil test based fertilizer application plots (6710, 6650 and 6621 kg / ha) compared to T2- farmers practice (6166, 6280 and 6297 kg /ha) during  rabi seasons 2018-19, 2019-20 and 2020-21, respectively (Table 4). Comparing the all three years data, increase in yield observed in T2-soil test based fertilizer application was done compared to farmers practice T1. Compared to T1-farmers practice 8.8, 5.8 and 5.2 % yield improvement was observed in the T2-demo plot during rabi 2018-19, 2019-20 and 2020-21, respectively (Table 5). Higher B: C ratio was observed in the T1-demo plot (2.57 :1, 2.32 :1 and 2.35 :1) compared to T2-farmers practice (2.01 :1, 1.89:1 and 1.92:1) during rabi 2018-19, 2019-20 and 2020-21, respectively (Table 5).
Applying plant nutrients based on soil tests aids in understanding higher comeback ratios and benefit-to-cost ratios because nutrients are applied proportionately to the amount of a given nutrient deficiency, and correcting the imbalance of nutrients in the soil helps to maximize the synergistic effects of balanced fertilization (Choudhary et al, 2019). It gives balanced fertilization and the ratio of applied nutrients to soil-available nutrients a scientific foundation (Ramamoorthy and Velayutham, 2011). Enhancing crop yield and preserving soil health would be best achieved by using nutrient management techniques based on soil test results to reduce the usage of chemical fertilizers.
Compared to soil test-based fertiliser application, farmers' farming practises were relatively more expensive. This might be due to application of fertilizers as per farmers choice without soil testing and high cost of DAP, and complex fertilizer. This cost was reduced in treatment soil test-based fertilizer application by applying limited quantity fertilizers as per soil test values. Simultaneously benefit cost ratio was higher with soil test-based fertilizer application (2.41:1) compared to farmers practice (1.94:1) because of lower cost of cultivation and improved yield with soil test-based fertilizer application (Table 6). The results are in line with Bhargavi et al. (2006) who reported for groundnut production with fertiliser application based on a soil test and Jayalakshmi et al (2021) for rice production. Further, the results are in agreement with Ghaswa et al., (2019) who conducted Knowledge, Adoption and Constraints of Soil Health Card based Fertilizer Application in Ratlam District, MP.

Table 4: Effect of soil test based fertilizer application along with foliar spraying of need based nutrient solutions on yield (kg ha-1) of rice
	Yield  (Kg/ha)

	
	2018-19
	2019-20
	2020-21

	Farmer
	T1: Demo
	T2: Farmers Practice
	T1: Demo
	T2: Farmers Practice
	T1: Demo
	T2: Farmers Practice

	1
	6500
	6160
	6650
	6270
	6550
	6260

	2
	6800
	5900
	6460
	6180
	6520
	6200

	3
	7200
	6800
	6840
	6270
	6780
	6350

	4
	6500
	5800
	6650
	6460
	6590
	6430

	5
	6250
	5700
	6460
	5890
	6520
	6050

	6
	6500
	6400
	6460
	6270
	6510
	6300

	7
	6800
	6400
	6270
	5890
	6310
	5840

	8
	7400
	6600
	7030
	6460
	7000
	6470

	9
	6400
	5900
	6840
	6650
	6640
	6540

	10
	6750
	6000
	6840
	6460
	6790
	6530

	Mean
	6710
	6166
	6650
	6280
	6621
	6297


Table 5: Effect of soil test based fertilizer application along with foliar spraying of nutrient     solutions on yield and C:B ratio of rice
	Year
	Yield(kg ha-1)
	Yield
Improvement (%)
	B: C ratio

	
	Demo
	Check
	
	Demo
	Check

	2018-19
	6710
	6166
	8.8
	2.57 :1
	2.01 :1

	2019-20
	6650
	6280
	5.8
	2.32 :1
	1.89 :1

	2020-21
	6621
	6297
	5.2
	2.35:1
	1.92:1

	Mean
	6660
	6247
	6.6
	2.41:1
	1.94:1







Table 6: Economics of the experiment (mean)
	S.No.
	Particulars
	Costs (Rs.)

	
	
	Treatment
	Farmers practice

	1
	Field preparation
	11000
	11000

	2
	Seed 
	2250
	2250

	3
	Transplanting 
	6000
	6000

	4
	Fertilizers 
	8000
	12750

	5
	Weeding 
	3800
	5800

	6
	Pest and disease control
	12800
	14100

	7
	Harvesting 
	5000
	5000

	8
	Total cost of cultivation
	48850
	56900

	9
	Gross returns
	117882
	110571.9

	10
	Net returns
	69032
	53671.9

	11
	B.C Ratio
	2.41 
	1.94 




4. CONCLUSION
Based on the findings of this study, it can be inferred that soil test based fertilizer application in rice results in higher yield compared to normal farmers practice. Yield improvement of 6.6 % observed in T1 (soil test based fertilizer application plot) compared to T2 (normal recommended dose of fertilizer application plot), Which resulted in increase in the net returns of farmers. The Front Line Demonstration (FLD) intervention has proven highly effective in enhancing cost benefit ratio among farmers. The positive outcomes observed in technology demonstrated plots warrant wider implementation across the Bhadradri Kothagudem district. These results can be leveraged to encourage farmers to adopt these practices, thereby reducing unnecessary and unwarranted usage of fertilizer and reduce the soil pollution.
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