


Effect of continuous use of fertilizers and manures on Nutrient Uptake, Use Efficiency and Yield in Rice-Rice Cropping Systems


Abstract
	Long-term balanced fertilization integrating chemical fertilizers with organic manures is essential for maintaining high rice yields and soil health in intensive rice–rice cropping systems. This study assessed the impact of prolonged application of different fertilizer treatment including 50%, 100%, and 150% recommended NPK doses, combined with farmyard manure (FYM), micronutrients zinc (Zn) and sulfur (S) and an unfertilized control since inception of the experimental cite. The 100% NPK and 150% NPK rates corresponded to approximately 120:60:40 and 180:90:60 kg ha⁻¹ of N, P, and K, respectively. Results showed that 150% NPK (Kharif-7422 kg ha⁻¹ and rabi – 7959 kg ha⁻¹) and 100% NPK + FYM (Kharif-7214 kg ha⁻¹ and rabi – 8023 kg ha⁻¹) treatments significantly enhanced grain yields, surpassing other treatments. The combined FYM and NPK treatment also improved soil properties, increasing soil organic carbon and reducing bulk density over time, thereby sustaining soil fertility. Micronutrient additions of Zn and S improved yields compared to NPK alone but did not exceed the gains from 150% NPK, suggesting that macro nutrient sufficiency is more critical for yield maximization in this system. Consistent patterns of enhanced N, P, and K uptake were observed across both seasons, with nutrient uptake positively correlated with yield. SPAD chlorophyll readings at key growth stages (30, 60, 90 DAT) showed strong positive correlation with final grain yield, particularly under integrated treatments, reflecting improved nitrogen nutrition and photosynthesis efficiency. Overall, the study confirms that integrated nutrient management with optimum macro- and micronutrient application plus organic amendments maximizes yield and nutrient use efficiency, securing sustainable rice production in Indian agroecosystems.
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Introduction
	Rice (Oryza sativa L.) is a staple crop of paramount importance in India and globally, feeding billions and supporting livelihoods. With increasingly intensive rice–rice cropping systems, maintaining soil fertility and crop productivity is a major challenge due to nutrient mining, imbalanced fertilization, and soil degradation (Singh et al., 2023). Traditionally, chemical fertilizers have been the primary approach to meet crop nutrient demands; however, exclusive reliance on synthetic fertilizers, especially nitrogen alone, often results in nutrient imbalances, declining yields and environmental concerns (Bora et al., 2018). Integrated nutrient management (INM), which combines balanced mineral fertilization with organic amendments such as farmyard manure (FYM), is widely advocated as a sustainable strategy to enhance nutrient availability, improve soil health, and sustain yield potential (Islam et al., 2023; Kumar et al., 2025). Long-term experimental evidence from subtropical and tropical rice systems shows that INM enhances nutrient uptake efficiency, crop biomass, and grain yield compared to sole application of chemical or organic sources (Bi et al., 2014; Prakash et al., 2025). The use of micronutrients, including zinc is also critical in intensive rice cultivation to avoid hidden nutrient deficiencies that limit yield (Sharma et al., 2022). Additionally, rapid, non-destructive tools like SPAD meters provide valuable insight into leaf nitrogen status, facilitating site-specific nitrogen management to optimize fertilizer use efficiency and yield outcomes (Kim et al., 2024). This study was conducted to evaluate the long-term effects of varied fertilizer and manure treatments on rice grain and biomass yields, nutrient uptake, use efficiency, and SPAD indices under a rice–rice cropping system in India. It aims to provide empirical evidence supporting best management practices for sustainable rice production.
Materials and Methods
Experimental Site and Design
	A long-term field study on different levels of major and micronutrient application along with farmyard manure (FYM) in a rice–rice cropping system was initiated during kharif 2000-01 at the permanent experimental plots of the Regional Agricultural Research Station, Polasa, Jagtial, PJTAU, Telangana. Before starting the experiment, the soil was analyzed for its physico-chemical characteristics and fertility status using standard procedures. The trial was laid out in a randomized complete block design (RBD) with four replications. The treatments comprised graded doses of fertilizers: 50%, 100%, and 150% of the recommended NPK levels; 100% NPK applied with and without FYM; inclusion of micronutrients such as zinc (Zn) and sulfur (S); partial nutrient applications (NP, N alone); FYM application without chemical fertilizers; and an absolute control without any nutrient inputs.	Comment by Maher: RCBD
Crop Management
	Rice seedlings of a locally adapted variety were raised and transplanted following recommended spacing and management practices. All plots were irrigated and maintained routinely for pest, disease, and weed control. Fertilizer application rates and methods conformed to local recommended doses and Organic manures (FYM) were applied before transplanting.
Data Collection
	Grain yield was measured by harvesting a central net plot area after maturity and threshing, adjusted to 14% moisture content. Straw and dry biomass yields were recorded similarly. Nutrient uptake (N, P and K) by grain and straw were determined using standard plant tissue analysis methods (Bora et al., 2018). SPAD chlorophyll meter readings were taken at 30, 60, and 90 days after transplanting (DAT) on representative flag leaves in each plot to assess relative leaf nitrogen status. Agronomic Use Efficiency (AUE) and Apparent Nutrient Use Efficiency (NUE) calculated by following equations.
Agronomic Use Efficiency (AUE)
AUE measures the increase in crop yield per unit of nutrient applied. It indicates how effectively applied nutrients contribute to yield improvement.
AUE=Yf−Yo/F
Where:, Yf = Yield from fertilized plot (kg/ha) Yo = Yield from unfertilized control plot (kg/ha) F = Amount of nutrient applied (kg/ha)
Apparent Nutrient Use Efficiency (NUE)
Apparent NUE represents the efficiency with which the applied nutrient is taken up by the crop. It is expressed as the percentage increase in nutrient uptake per unit of nutrient applied.
NUE (%) = Ut−Uc/F×100
Where: Ut= Nutrient uptake in fertilized plot (kg/ha), Uc = Nutrient uptake in control (unfertilized) plot (kg/ha), F= Amount of nutrient applied (kg/ha)
This formula can be applied to nitrogen (N), phosphorus (P), and potassium (K) separately to give apparent NUE for each nutrient.
Data Analysis
	Statistical analysis was performed using ANOVA and treatment mean comparisons were done using least significant difference (LSD) at the 5% probability level. Nutrient use efficiency indices, including agronomic use efficiency and apparent nutrient recovery efficiency, were calculated following Sharma et al. (2022).
Results and Discussion
	The effect of long-term fertilizer and manure treatments on SPAD values of rice leaves measured at 30, 60 and 90 days after transplanting (DAT) during the rabi season of 2018-19 (Table 1). SPAD values, indicating relative chlorophyll content and leaf nitrogen status, varied significantly among treatments and growth stages. The highest SPAD values across all stages were observed with the 150% NPK treatment, followed closely by integrated treatments such as 100% NPK + HW and 100% NPK + FYM. These treatments recorded SPAD values above 37 at 30 DAT and showed a peak at 60 DAT, indicating enhanced chlorophyll content due to sufficient nitrogen availability. Control and 50% NPK treatments exhibited comparatively lower SPAD values, reflecting lower leaf nitrogen content and possibly reduced photosynthetic capacity.
	This trend aligns well with existing research demonstrating that SPAD values strongly correlate with nitrogen fertilizer rates and nutrient status in rice crops. According to Kim et al. (2024), nitrogen is crucial for chlorophyll synthesis and photosynthesis, and SPAD meter readings reliably reflect leaf nitrogen content. They reported that normal nitrogen supply significantly increases SPAD values compared to low nitrogen conditions across various rice genotypes. Similarly, a study by Suresh et al. (2018) showed a positive correlation between SPAD values, leaf nitrogen concentration, and rice grain yield, establishing SPAD as a useful tool for nitrogen management decisions.
	Furthermore, Patra et al. (2021) confirmed a strong relationship between SPAD values and leaf nitrogen content in rice, noting that higher SPAD readings correspond to increased photosynthetic activity and potentially higher yields. Improved SPAD values under integrated nutrient management (INM) involving chemical fertilizers and organic manures, such as FYM, emphasize the benefits of balanced fertilization in maintaining optimal nitrogen status in rice crops. 
	The effect of long-term application of fertilizers and manures on straw and dry biomass yield in a rice–rice cropping system (Table.no.2) demonstrated significant differences among treatments during the rabi (2018–19) and kharif (2019) seasons. The highest straw and biomass yields were observed with 150% NPK (5319 to 5376 kg ha⁻¹ for straw and 12742 to 13336 kg ha⁻¹ for biomass) and with the integration of 100% NPK plus FYM (farmyard manure), indicating the advantage of combining organic and inorganic nutrient sources to improve crop productivity. The treatments receiving only nitrogen or no fertilization (control) produced the lowest straw and biomass yields, highlighting the need for balanced nutrition.
	These findings align with previous research from India demonstrating that integrated nutrient management (INM) involving chemical fertilizers and organic manures increases straw yield and biomass production in rice cultivation by enhancing soil fertility and nutrient availability (Singh et al., 2014; Kumar et al., 2025). Singh et al. (2014) reported that incorporation of composted rice straw and FYM improved soil organic carbon and crop residue biomass, which positively impacted rice yield components and straw production. Similarly, recent studies from ICAR-NRRI (2024) emphasize rice straw’s role as a valuable resource that when integrated into cropping systems through organic manures or composts, sustains productivity and soil health.
	Rice straw is abundantly produced in Indian agriculture and its proper management through incorporation or use as a substrate for organic amendments benefits soil microbial activity, organic matter content and nutrient cycling, as confirmed by Saurabh et al. (2025). These benefits translate into increased dry matter accumulation and straw yields which are consistent with the results seen in the long-term fertilizer treatments assessed here.
	Further, the coefficient of variation values of 7.4% to 11.56% indicate good experimental reliability. The clear superiority of the 150% NPK and NPK + FYM treatments evidences how integrating organic manures with balanced fertilization positively affects crop biomass.
	The effect of long-term application of fertilizers and manures on grain yield (kg ha-1) in a rice–rice cropping system is presented in table 3. The grain yield varied significantly among different treatments in both kharif (2018–19) and rabi (2019) seasons. Among the treatments, the highest grain yield was recorded with 150% NPK application during kharif (7422 kg ha⁻¹) and with 100% NPK combined with farmyard manure (FYM) during rabi (8023 kg ha⁻¹). These results emphasize the importance of balanced nutrient management and integrated use of organic and inorganic sources to sustain and enhance rice productivity. Conversely, the treatment receiving only 100% nitrogen showed substantially lower yields (1417 kg ha⁻¹ and 4570 kg ha⁻¹, respectively in kharif and rabi), underlining that nitrogen alone is insufficient for optimum rice production.
	Control plots without fertilizer or manure inputs showed the lowest yields (2257 kg ha⁻¹ in kharif and 4016 kg ha⁻¹ in rabi), confirming the critical role of nutrient supplementation for rice growth. Treatments with 100% NPK with micronutrient zinc (Zn) or sulfur (S) and those with half doses of nutrients generally gave yields higher than control but less than the integrated treatments, suggesting the importance of macro and micronutrients in rice nutrition.
These results correspond well with findings from other long-term studies. Long-term application of balanced fertilizers combined with organic amendments like FYM or compost improves soil fertility, microbial activity, and nutrient availability, ultimately enhancing rice yields. The integrated NPK with organic manure significantly increased rice yield compared to NPK alone, highlighting the synergistic effect of organic amendments. 
	Moreover, the importance of balanced fertilization including micronutrients such as Zn has been documented as necessary to avoid yield decline in intensive rice cropping systems (Bi et al., 2014). The low yields with N-only treatments underscore limitations in soil nutrient supply under intensive rice cultivation when other nutrients are not supplemented.	
	Table 4 displays the influence of long-term fertilizers and manures on nutrient uptake (N, P and K) by rice during the rabi (2018–19) and kharif (2019) seasons. Significant improvements were observed in nutrient uptake with progression from 50% NPK to 150% NPK across all nutrients and seasons. The highest uptake of nitrogen (131.4 and 141.6 kg ha⁻¹ in rabi and kharif, respectively), phosphorus (30.43 and 33.31 kg ha⁻¹) and potassium (117.2 and 135.3 kg ha⁻¹) was recorded in the integrated treatment of 100% NPK combined with farmyard manure (FYM) confirming the advantage of combining chemical fertilizers with organic amendments. The control and sole nitrogen treatments showed the lowest nutrient uptakes, underscoring the need for balanced fertilization.
	These observations corroborate findings from Indian research where integrated nutrient management (INM) strategies involving organics and inorganic fertilizers resulted in enhanced nutrient uptake and efficiency in rice crops. Goutami et al. (2022) reported that 100% recommended dose of fertilizer combined with ZnSO4 and FYM significantly increased micronutrient uptake and yield in rice-rice cropping systems under Andhra Pradesh conditions. Similarly, (Ravi et al., 2017a) and Singh et al. (2023) observed that long-term application of INM improved soil organic carbon, nutrient availability, microbial biomass and nutrient uptake in rice-lentil cropping systems under subtropical Indian conditions. Moreover, Reshma Bora et al. (2018) found that combined application of NPK, Zn and FYM led to higher nitrogen, phosphorus and potassium content and uptake by grain and straw in rice, which directly correlated with improved grain yields in temperate Indian Himalayan soils. The positive effects of FYM with NPK on nutrient uptake demonstrate that farmyard manure improves nutrient use efficiency, leading to better crop performance and sustainability. The superiority of integrated fertilizer and manure treatments over sole chemical or organic treatments highlights the critical role of balanced nutrient management in sustaining rice productivity in long-term cropping scenarios.
	The long-term fertilizer and manure treatments in the rice-rice cropping system showed clear influences on agronomic use efficiency (AUE) and apparent nutrient use efficiency (NUE) for nitrogen (N), phosphorus (P) and potassium (K) during both kharif 2018-19 and rabi 2018-19 seasons (Table 5).
	The AUE for nitrogen was highest under the 50% NPK treatment with values of 45.18 and 44.03 kg ha-1 in kharif and rabi, respectively indicating that reduced fertilizer doses can improve nutrient use efficiency. Full recommended NPK dose (100% NPK) and the combination of NPK with FYM showed moderately high AUE values in both seasons. Notably, the 100% N treatment yielded very low to negative AUE (-7.00 kg ha-1 in rabi), highlighting poor nitrogen efficiency when applied alone without balanced nutrients or organic amendments.
	Apparent nitrogen use efficiency (NUE) mirrored AUE trends, peaking with 50% NPK at 87.21% (kharif) and 61.58% (rabi), followed by NPK + FYM treatment with 78.15% (kharif) and 81.02% (rabi). This demonstrates enhanced nitrogen uptake efficiency with integrated nutrient management. Phosphorus apparent NUE was maximized under NPK+FYM (42.61% and 41.86% in kharif and rabi, respectively), underscoring the role of organic matter in improving P availability and uptake. Potassium apparent NUE was also highest under the NPK + FYM treatment in both seasons (240.81% in kharif and 202.19% in rabi), which reflects synergistic effects of manures on K utilization. 
	The comparison between seasons reveals slightly higher nutrient use efficiency in the Kharif season for most treatments. However, NPK+FYM maintains consistently high efficiencies across both seasons, indicating its reliability for sustained nutrient use enhancement. Treatments involving micronutrients like zinc (100% NPK+Zn) and omission of sulfur (100% NPK- S) showed intermediate efficiencies, suggesting their supplementary role in optimizing nutrient utilization.
	Overall, the results emphasize that balanced fertilization combined with organic amendments significantly improves nutrient use efficiencies in rice cropping systems compared to sole inorganic or organic inputs. The higher efficiencies at reduced fertilizer doses (50% NPK) also highlight the potential to reduce chemical fertilizer input without compromising nutrient uptake or yield.
	These findings align well with Indian research emphasizing the importance of balanced fertilizer application combined with organic manures for improving nutrient use efficiency in rice. Sharma et al. (2022) demonstrated in their research on rice-rice systems that optimizing the balance and timing of fertilizer application improved nitrogen agronomic efficiency and apparent nitrogen recovery, thereby improving crop yield and reducing nutrient losses. Studies conducted by Ravi et al. (2017b) and Bora et al. (2022) also highlight that nutrient imbalances and overuse of nitrogen fertilizers can drastically reduce nitrogen use efficiency in rice crops in Indian agroecosystems.
Conclusions:	
	The present long-term study confirms the critical role of integrated nutrient management in enhancing rice productivity and sustainability. SPAD meter readings, reflecting leaf chlorophyll and nitrogen status, varied significantly across treatments during Rabi 2018-19, with highest values observed in 150% NPK (41.10 at 60 DAT) and 100% NPK + FYM (40.53 at 60 DAT) treatments. These readings closely correlate with leaf nitrogen content and photosynthetic efficiency, supporting SPAD as a rapid, reliable indicator for optimizing nitrogen management in rice.
[bookmark: _Hlk208148435]	Both straw and biomass yields improved substantially with increasing nutrient doses and organic manures. The 150% NPK and 100% NPK+FYM treatments demonstrated superior biomass production in both Rabi and Kharif seasons. Grain yield was notably highest with 100% NPK+FYM, yielding 8023 and 7214 kg ha-1 in rabi and kharif, respectively, outperforming chemical fertilizers alone.
	Nutrient uptake and use efficiency parameters further validated the advantage of combining chemical fertilizers with organic manures. The highest agronomic use efficiency for nitrogen (45.18 kg ha-1 in rabi) and apparent nutrient use efficiencies (over 87% for nitrogen and above 240% for potassium) were seen with integrated nutrient management and reduced fertilizer doses.
	Overall, this integrated approach sustains soil health, enhances nutrient availability, and maximizes rice yield, making it essential for sustainable rice-rice cropping in Indian agroecosystems. SPAD meter technology further facilitates precise nitrogen management, minimizing wastage and environmental impact.
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Table.no.1. Influence of long-term fertilizers and manures on SPAD values in rice crop during rabi, 2018-19. 
	Treatments 
	30 DAT
	60 DAT
	90 DAT

	50% NPK
	33.35
	37.00
	34.58

	100% NPK
	34.35
	37.95
	39.60

	150% NPK
	37.25
	41.10
	37.85

	100% NPK+Hw 
	35.08
	40.45
	36.50

	100% NPK+Zn 
	35.73
	38.53
	35.20

	100% NP
	34.03
	37.80
	38.13

	100% N
	37.90
	38.03
	36.10

	100% NPK+FYM
	36.03
	40.53
	38.18

	100% NPK-S
	35.25
	39.73
	38.30

	FYM 
	36.28
	37.23
	34.75

	Control
	30.58
	32.78
	35.00

	Mean
	35.07
	38.28
	36.74

	SEm±
	1.19
	1.37
	1.06

	CD (0.05) 
	3.45
	3.96
	3.06



Table.no.2. Effect of long-term fertilizers and manures on straw and biomass production yield (kg ha-1) in rice-rice cropping system
	Treatment
	Rabi, 2018-19
	Kharif, 2019

	
	Straw
	Dry biomass production
	Straw
	Dry biomass production

	50% NPK
	3269
	8168
	3975
	10702

	NPK
	4397
	10782
	5226
	13223

	150% NPK
	5319
	12742
	5376
	13336

	NPK + HW
	4440
	10913
	4982
	12499

	NPK + Zn
	4265
	10296
	4865
	12518

	NP
	4490
	10857
	4934
	12519

	N
	2785
	4201
	3582
	8152

	NPK + FYM
	5224
	12438
	5107
	13130

	NPK - S
	4447
	10858
	4885
	12688

	FYM
	3836
	9756
	4779
	12414

	Control
	2683
	4940
	2639
	6655

	S. Em. +/-
	237.28
	408.64
	252
	429

	CD (5%)
	686 
	1180 
	727
	1240

	CV (%)
	11.56
	8.49
	10.9
	7.4



Table.no.3. Effect of long-term fertilizers and manures on grain yield (kg ha-1) in rice-rice cropping system
	Treatments
	Kharif, 2018
	Rabi, 2018-19

	50% NPK
	4899
	6727

	100% NPK
	6385
	7997

	150% NPK
	7422
	7959

	100% NPK + HW
	6472
	7517

	100% NPK + Zn
	6031
	7652

	100% NP
	6367
	7586

	100% N
	1417
	4570

	100% NPK + FYM
	7214
	8023

	100% NPK – S
	6411
	7803

	FYM
	5919
	7634

	Control
	2257
	4016

	S. Em. +/-
	239
	302

	CD (5%)
	691
	872

	CV (%)
	8.66
	8.6



Table no.4. Influence of long-term fertilizers and manures Nutrient uptake (kg ha-1 season-1) by rice (rabi, 2018-19 and kharif, 2019)
	Treatments 
	N- uptake 
	P- uptake 
	K- uptake 

	
	Rabi
	Kharif
	Rabi
	Kharif
	Rabi
	Kharif

	50% NPK 
	67.9
	86.0
	14.39
	17.19
	51.3
	60.3

	100%NPK 
	103.7
	126.0
	21.98
	28.95
	86.3
	117.7

	150% NPK 
	131.4
	141.6
	29.43
	28.57
	117.2
	135.3

	100%NPK + HW 
	82.1
	105.0
	21.65
	26.29
	81.9
	100.5

	100%NPK + Zn 
	93.3
	109.8
	19.07
	21.63
	89.4
	109.3

	100%NP 
	100.0
	110.1
	20.73
	24.50
	57.0
	73.0

	100%N 
	32.2
	58.8
	4.31
	9.94
	26.5
	47.3

	100%NPK + FYM 
	128.1
	127.5
	30.43
	33.31
	106.7
	126.6

	100%NPK – S 
	102.6
	109.1
	22.84
	26.09
	79.9
	97.5

	FYM 
	96.4
	112.5
	22.44
	26.57
	63.3
	82.5

	Control 
	31.0
	33.8
	5.31
	7.74
	25.8
	30.4

	S. Em. +/-
	6.3
	6.8
	1.36
	1.47
	4.88
	6.24

	CD (5%)
	18.2
	19.6
	3.94
	4.25
	14.08
	18.02

	CV (%)
	14.3
	12.7
	14.1
	12.9
	13.67
	14.0










Table.no.5. Agronomic use efficiency (kg ha-1) & Apparent nutrient use efficiency (%) as Influence by long-term fertilizers and manures in rice-rice cropping system during rabi, 2018-19 and kharif, 2019
	 Treatment
	Agronomic Use Efficiency (kg ha-1)

	N Apparent NUE 
 
	P Apparent NUE 

	K Apparent NUE 


	
	Kharif 
	Rabi
	Kharif
	Rabi
	Kharif
	Rabi
	Kharif
	Rabi

	50% NPK
	45.18
	44.03
	87.21
	61.58
	31.48
	30.25
	150.00
	127.13

	100% NPK 
	33.17
	34.40
	76.88
	60.65
	35.35
	27.78
	218.56
	151.19

	150% NPK
	21.91
	28.70
	59.89
	55.86
	23.14
	26.80
	174.88
	152.25

	100% NPK+ HW 
	29.17
	35.13
	59.40
	42.63
	30.91
	27.22
	175.50
	140.13

	100% NPK + Zn
	30.30
	31.45
	63.38
	52.00
	23.13
	22.91
	197.31
	159.00

	100% NP 
	29.74
	34.25
	63.63
	57.60
	27.93
	25.68
	
	

	100% N 
	4.61
	-7.00
	20.90
	1.10
	
	
	
	

	100% NPK + FYM
	33.39
	41.31
	78.15
	81.02
	42.61
	41.86
	240.81
	202.19

	100% NPK - S
	31.56
	34.62
	62.79
	59.75
	30.58
	29.20
	167.94
	135.19

	FYM
	 
	 
	 
	 
	 
	 
	 
	 

	Control
	 
	 
	 
	 
	 
	 
	 
	 









