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Synergistic Effects of Farmyard Manure and Coconut Frond Biochar on Growth and Yield of Brinjal

ABSTRACT

	A field experiment was conducted to evaluate the effect of integrating farmyard manure (FYM) with different organic amendments like vermicompost, thermo chemical organic fertilizer and coconut frond biochar on the growth and yield of brinjal (Solanum melongena L.). Treatments consisted of FYM @ 12.5, 15 and 20 t ha-¹, FYM @ 10 t ha-1 along with 2.5, 5 and 10t ha-1 of the organic amendments viz., vermicompost, TOF and coconut frond biochar, FYM @ 20 t ha-1 +coconut frond biochar at 5 t ha-¹ and an absolute control. Results revealed that the combined application of FYM and biochar (FYM @ 20 t ha-1 + coconut frond biochar at 5 t ha-¹) significantly improved plant growth parameters, total dry matter production, and overall yield compared to other treatments. The enhanced performance observed for the treatment receiving combined application of FYM and biochar is attributed to improved soil physical conditions, increased nutrient availability, and better moisture retention associated with the synergistic effects of FYM and biochar. Overall, the study highlights the potential of combining organic manure with biochar as a sustainable soil-management practice for enhancing crop productivity and supporting long-term soil health.
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1. INTRODUCTION
Adopting appropriate soil and crop management strategies are essential for maintaining soil quality and supporting the long-term productivity and resilience of agricultural ecosystems. In recent years, intensive farming has noticeably reduced soil fertility, raising serious concerns about the future productivity and resilience of agriculture (Agegnehu et al., 2014). Although mineral fertilizers play an important role in feeding the growing global population, their overuse has become a key factor contributing to soil degradation (Zhang et al., 2016). Long-term and heavy reliance on chemical fertilizers has led to a decline in soil organic matter, resulting in deterioration of soil quality. It has also intensified soil acidification and environmental pollution (Dinesh et al., 2010; Guo et al., 2010), resulting as an issue of growing concern. Currently, agricultural production is expected not only to deliver high quality outputs but also to follow practices that are environmentally sustainable.
To address this issue, various organic inputs such as farmyard manure, crop residues, and combinations of manure and compost have been recommended as sustainable alternatives to chemical fertilizers (Gu et al., 2015). Among the various soil attributes, soil organic matter remains as one of the most critical indicators of soil quality because it strongly influences essential soil health functions by improving structure, nutrient cycling, moisture retention, and overall fertility (Naveen M, 2025). Adequate soil organic matter is vital for soil fertility and interacts with key soil characteristics such as bulk density, aggregate stability, water retention, and biological diversity, making it essential for sustaining or improving crop productivity (Oldfield et al., 2019). Consequently, soils with low soil organic matter levels are associated with poor soil quality and tend to produce lower yields or require higher nitrogen inputs to achieve optimum production (Schjønning et al., 2018).
 Improving or at least preserving soil organic matter is therefore a key objective in sustainable soil management. This is achieved by adding organic materials to supply carbon such as crop residues, organic amendments, or root exudates while ensuring balanced nutrient inputs to maintain proper stoichiometry (Kirkby et al., 2013). Integrating inorganic fertilizers with organic amendments, or simply retaining crop residues in the field, is considered one of the most effective strategies to enhance soil organic matter, improve soil fertility, and support long-term agricultural sustainability and productivity (Ladha et al., 2011).
The combined use of organic amendments with chemical fertilizers is widely regarded as an effective strategy for ensuring more stable crop production (Islam et al., 2011) and enhancing soil fertility (Iqbal et al., 2023). Integrating organic manures such as farmyard manure (FYM), green manure, or wheat/rice straw with inorganic fertilizers has been shown to significantly increase crop yield, improve nutrient balance, and enrich soil fertility by raising soil organic carbon (SOC) and key soil nutrients (Saha et al., 2018).
Laterite soils are generally considered low in organic matter, poor in nutrient status, and having weak structural stability, which collectively limit their agricultural potential. The application of organic amendments such as vermicompost, thermochemical organic fertilizers, farmyard manure, and biochar has been widely recognized as an effective approach to improve soil fertility and overall soil health. Among these, biochar is particularly noteworthy due to its strong capacity to enhance soil structure, increase nutrient and water retention, and buffer soil acidity, making it a highly promising amendment for sustainably improving the quality and productivity of lateritic soils. Hence the present study has been formulated to evaluate the effect of various organic amendments on crop growth characteristics and yield parameters using brinjal as the test crop.

2. material and methods
2.1 Study Area

The present study was conducted during january 2024 to july 2025 in model organic farm at college of agriculture, vellayani which lies at 8.42 latitude and 76.98⁰ longitude. The brinjal variety haritha was used for the field experiment. The seeds required for the study were obtained from the department of olericulture, college of agriculture, vellayani. Composite soil samples were taken at random from the experimental site and analyzed for soil physico-chemical properties using different standard methods. The soil was sandy clay loam with water holding capacity of 28.20%, pH acidic and normal, EC 0.20 dsm-1. The soil was medium in organic carbon content (1.09 %), low in available n (191.8 kg ha-1), high in p (117.27 kg ha-1) and low in k (67.2 kg ha-1).

2.2 Experimental Details
The experiment was laid out in randomized block design (RBD) with fourteen treatments and three replications.
List 1: fourteen treatments 
T1- Absolute control

T2- FYM @ 12.5 t ha-1
T3- FYM @ 15 t ha-1
T4- FYM @ 20 t ha-1
T5- FYM @ 10 t ha-1 + vermicompost @ 2.5 t ha-1
T6- FYM @ 10 t ha-1 + vermicompost @ 5 t ha-1
T7- FYM @ 10 t ha-1 + vermicompost @ 10 t ha-1
T8- FYM @ 10 t ha-1 + 2.5 t ha-1 TOF 

T9- FYM @ 10 t ha-1 + 5 t ha-1 TOF

T10-FYM @ 10 t ha-1 + 10 t ha-1 TOF

T11-FYM @ 10 t ha-1 + coconut frond biochar @ 2.5 t ha-1
T12-FYM @ 10 t ha-1 + coconut frond biochar @ 5 t ha-1
T13-FYM @ 10 t ha-1 + coconut frond biochar @ 10 t ha-1
T14-FYM @20 t ha-1 + coconut frond biochar @ 5 t ha-1

NPK will be applied as per soil test, based on KAU POP* to treatments T2 to T14. 

*KAU POP:  75: 40: 25 kg NPK ha-1 (KAU, 2016).

*Soil test based on KAU POP: 63: 10: 78.62 kg NPK ha-1.

Nitrogen, phosphorus and    potassium   were provided through Urea, Rajphos and Muriate of Potash (MOP). Thirty days old seedlings were transplanted in the field. Four plants were selected from each treatment and the observations on plant growth and yield attributes were recorded.
2.3 Analysis of organic amendments
The organic amendments such as FYM, vermicompost, TOF and coconut frond biochar were analysed for pH, EC and nutrient composition using standard procedures
2.4 Statistical Analysis of data
The statistical analysis of the data produced from the experiments was conducted through the application of Randomized block design by standard procedures using GRAPES software. It was tested using F test ANOVA and critical difference (CD) were generated for treatments which were found significant.
3. results and discussion
3.1 Analysis of organic amendments
pH, EC, macro and micro nutrient content of organic amendments are presented in table 1. All organic amendments showed an alkaline pH. EC (dSm-1) was found the highest in vermicompost (1.24 dSm-1). TOF recorded the maximum N% (2.37%), while P, K, Ca and Mg% was found the highest in vermicompost (0.55%, 1.45%, 0.98% and 0.29%). Biochar exhibited the highest S% (0.39%). Fe content was found the highest in FYM (5940 mg kg-1), while Mn, Zn and Cu were found the highest in vermicompost (202.05 mg kg-1, 162.6 mg kg-1 and 68.20 mg kg-1). Thermochemical organic fertilizer recorded the maximum B content (61 mg kg-1).
Table 1. Chemical properties of organic amendments
	Sl No.
	Properties
	FYM
	Vermicompost
	TOF
	Biochar

	1.
	pH
	7.37
	8.37
	9.68
	9.76

	2.
	EC (dSm-1)
	0.39
	1.24
	1.20
	0.30

	3.
	N%
	1.45
	2.04
	2.37
	0.53

	4.
	P%
	0.52
	0.55
	0.32
	0.31

	5.
	K%
	0.97
	1.45
	1.40
	1.05

	6.
	Ca%
	0.42
	0.98
	0.76
	0.35

	7.
	Mg%
	0.19
	0.29
	0.25
	0.20

	8.
	s%
	0.31
	0.33
	0.37
	0.39

	9.
	Fe (mg kg-1)
	5940
	1703.5
	2781.5
	2840

	10.
	Mn (mg kg-1)
	163.1
	202.05
	56.05
	152.6

	11
	Zn (mg kg-1)
	110.45
	162.6
	85.7
	134.5

	12
	Cu (mg kg-1)
	58.20
	68.20
	62.65
	65.8

	13
	b (mg kg-1)
	21
	56
	61
	14


3.2 Effect of treatments on brinjal growth parameters
Data presented in table 1 revealed that treatments had significant effect on crop growth characteristics like plant height (cm), number of primary branches and root length (cm). Treatment receiving FYM @10 t ha-1 + vermicompost @10 t ha-1 (T7) recorded the maximum plant height (170.92 cm) and was found on par with T4 (162.75 cm), T10 (157.83 cm) and T13 (157.77 cm). The superior performance of T7 may be attributed due to the synergistic effects of farmyard manure and vermicompost, which improved soil physical, chemical, and biological properties. Improved soil organic matter and enhanced water-holding capacity due to FYM addition and soil enrichment through vermicompost application which is rich in readily available nutrients, enzymes, and beneficial microorganisms. Their combined use likely created a more favorable rhizospheric environment that promoted better root growth and nutrient uptake, ultimately resulting in increased plant height. Number of primary branches was found the highest (7.33) in treatment receiving FYM @10 t ha-1 + coconut frond biochar @10 t ha-1 (T13) and was found on par with T4 (7.00), T6 (6.33), T7 (6.67), T9 (6.67), T10 (7.00), T11 (6.00), T12 (6.33) and T14 (6.67). Root length was also found highest in T13 (58.00 cm). This might be due to the enhanced availability of essential nutrients and improved soil physical properties provided through FYM and coconut frond biochar. The results were in line with the findings reported by Arunkumar et al. (2019) and Rajasekaran et al. (2025). The increase in soil pH, the balanced and gradual release of nutrients, greater plant-available water, and enhanced microbial activity collectively supported the improvement of growth parameters in biochar treated plots compared to control.

Table 2. Effect of treatments on brinjal growth parameters

	Treatments
	Plant height
 (cm)
	No. of primary branches
	Root
 length 
(cm)

	T1- Absolute control
	    141.09
	4.33
	16.50

	T2- FYM @12.5t ha-1
	    146.29
	5.00
	38.50

	T3- FYM @15t ha-1
	    157.17
	4.67
	42.50

	T4- FYM @20 t ha-1
	    162.75
	7.00
	46.50

	T5- FYM @10 t ha-1 + vermicompost @2.5 t ha-1
	    151.25
	5.33
	35.50

	T6- FYM @10 t ha-1 + vermicompost @5 t ha-1
	    151.67
	6.33
	37.50

	T7- FYM @10 t ha-1 + vermicompost @10 t ha-1
	    170.92
	6.67
	37.50

	T8- FYM @10 t ha-1 + TOF @2.5 t ha-1
	    148.67
	5.00
	37.50

	T9- FYM @10 t ha-1 + TOF @5 t ha-1
	    154.35
	6.67
	40.00

	T10- FYM @10 t ha-1 + TOF @10 t ha-1
	    157.83
	7.00
	45.50

	T11- FYM @10 t ha-1 + coconut frond biochar @2.5 t ha-1
	    146.25
	6.00
	32.50

	T12- FYM @10 t ha-1 + coconut frond biochar @5 t ha-1
	    152.34
	6.33
	42.40

	T13- FYM @10 t ha-1 + coconut frond biochar @10 t ha-1
	    157.77
	7.33
	58.00

	T14- FYM @20 t ha-1 + coconut frond biochar @5t ha-1
	    156.88
	6.67
	43.50

	SEm (±)
	    4.713
	0.614
	2.390

	CD (0.05)
	   13.700
	1.784
	6.946


3.3 Effect of treatments on brinjal yield parameters
Yield parameters were significantly influenced by treatments. The effect of treatments on days to 1st flowering, number of fruits per plant, fruit length, fruit girth and fruit weight are presented in table 2. Absolute control treatment (T1) recorded the maximum number of days to 1st flowering (45) and was found on par with T3 (41), T5 (44), T6 (43), T10 (42) and T11 (41). The least number of days to 1st flowering was noticed in T4 and T14 (37). Number of fruits per plant was found the highest (29.00) in treatment receiving FYM @ 20t ha-1 + coconut frond biochar @5t ha-1 (T14) and was found on par with T7 (27.67). The least number of fruits per plant (13.33) was recorded in absolute control (T1). No significant difference among treatments was noticed in the case of fruit length. The treatment receiving FYM @10 t ha-1 + coconut frond biochar @ 10 t ha-1 (T13) recorded the maximum fruit girth (16 cm) and was found on par with T4 (15.65cm), T7 (15.40cm), T10 (15.40cm), T12 (15 cm) and T14 (15.50 cm). Absolute control (T1) recorded the minimum fruit girth (10.60cm). Fruit weight was found to be the highest (90.42g) for T7 (FYM @10 t ha-1 + vermicompost @10 t ha-1) and was found on par with T4 (77.45 g), T10 (87.67g), T13 (85.33g) and T14 (87.47g). The increase in yield parameters could be attributed to better soil fertility, improved moisture retention, and enhanced nutrient absorption provided by biochar and FYM additions, which ensure a steady supply of nutrients during key growth stages. These results were in line with the findings of Amaregouda et al. (2025) where combined application of FYM and biochar resulted in significantly higher spike length and grain weight per spike in sorghum.

Table 3. Effect of treatments on brinjal yield parameters

	Treatments
	Days to 1st flowering
	Number of fruits per plant
	Fruit
 length

(cm)
	Fruit 
girth

(cm)
	Fruit 
weight 
(g)

	T1- Absolute control
	1. 45
	2. 13.33
	3. 11.00
	4. 10.60
	5. 48.5

	T2- FYM @12.5t ha-1
	6. 40
	7. 19.67
	8. 12.00
	9. 12.60
	10. 65.88

	T3- FYM @15t ha-1
	11. 41
	12. 21.33
	13. 13.00
	14. 13.50
	15. 71.67

	T4- FYM @20 t ha-1
	16. 37
	17. 23.00
	18. 14.00
	19. 15.65
	20. 77.45

	T5- FYM @10 t ha-1 + vermicompost @2.5 t ha-1
	21. 44
	22. 21.00
	23. 11.75
	24. 13.65
	25. 69.87

	T6- FYM @10 t ha-1 + vermicompost @5 t ha-1
	26. 43
	27. 22.33
	28. 13.50
	29. 14.00
	30. 72.47

	T7- FYM @10 t ha-1 + vermicompost @10 t ha-1
	31. 39
	32. 27.67
	33. 13.50
	34. 15.40
	35. 90.42

	T8- FYM @10 t ha-1 + TOF @2.5 t ha-1
	36. 39
	37. 20.00
	38. 12.50
	39. 12.50
	40. 63.33

	T9- FYM @10 t ha-1 + TOF @5 t ha-1
	41. 40
	42. 22.33
	43. 10.00
	44. 13.90
	45. 72.33

	T10- FYM @10 t ha-1 + TOF @10 t ha-1
	46. 42
	47. 25.33
	48. 11.75
	49. 15.40
	50. 87.67

	T11- FYM @10 t ha-1 + coconut frond biochar @2.5 t ha-1
	51. 41
	52. 19.33
	53. 13.50
	54. 14.30
	55. 67.67

	T12- FYM @10 t ha-1 + coconut frond biochar @5 t ha-1
	56. 38
	57. 23.00
	58. 13.50
	59. 15.00
	60. 72.67

	T13- FYM @10 t ha-1 + coconut frond biochar @10 t ha-1
	61. 40
	62. 28.33
	63. 14.00
	64. 16.00
	65. 85.33

	T14- FYM @20 t ha-1 + coconut frond biochar @5t ha-1
	66. 37
	67. 29.00
	68. 14.25
	69. 15.50
	70. 87.47

	SEm (±)
	71. 1.412
	72. 1.852
	73. -
	74. 0.584
	75. 4.838

	CD (0.05)
	76. 4.104
	77. 5.385
	78. NS
	79. 1.699
	80. 14.065


Yield per plant, total yield and total dry matter production (Table 3) were found the highest (2.711kg, 60.243 t ha-1 and 12.79 t ha-1) in treatment receiving FYM @20 t ha-1 + coconut frond biochar @5t ha-1 (T14). In case of total yield and total dry matter production T14 was found to be on par with T13 (56.821 t ha-1 and 11.79 t ha-1). Biochar, owing to its high surface area, porosity, and cation exchange capacity, improves soil physical properties and serves as a reservoir of nutrients and water. It can retain ammonium (NH₄⁺) and nitrates (NO₃⁻), as well as phosphorus (P) and potassium (K), thereby reducing nutrient leaching and making nutrients more available for plant uptake (Rehman et al., 2021). The porous structure of biochar allows it to retain soil moisture and improve nutrient availability thereby leading to enhanced microbial activity in the soil which might have resulted in increased in crop yields. The results were in line with the findings of Sharma et al. (2025) where an improvement in crop yield was noticed when biochar was applied along with FYM. 

Table 4. Effect of treatments on yield per plant, total yield and total dry matter production

	Treatments
	Yield per plant      
  (kg)
	Total yield

(t ha-1)
	Total dry matter     
   production
(t ha-1)

	T1- Absolute control
	0.847
	18.822
	5.01

	T2- FYM @12.5t ha-1
	1.271
	28.244
	6.12

	T3- FYM @15t ha-1
	1.499
	33.310
	7.23

	T4- FYM @20 t ha-1
	1.825
	40.555
	9.56

	T5- FYM @10 t ha-1 + vermicompost @2.5 t ha-1
	1.691
	37.577
	7.23

	T6- FYM @10 t ha-1 + vermicompost @5 t ha-1
	1.781
	39.577
	7.89

	T7- FYM @10 t ha-1 + vermicompost @10 t ha-1
	2.196
	48.799
	10.12

	T8- FYM @10 t ha-1 + TOF @2.5 t ha-1
	1.397
	31.044
	7.43

	T9- FYM @10 t ha-1 + TOF @5 t ha-1
	1.583
	35.177
	8.34

	T10- FYM @10 t ha-1 + TOF @10 t ha-1
	2.053
	45.621
	10.57

	T11- FYM @10 t ha-1 + coconut frond biochar @2.5 t ha-1
	1.452
	32.266
	7.78

	T12- FYM @10 t ha-1 + coconut frond biochar @5 t ha-1
	1.798
	39.955
	8.89

	T13- FYM @10 t ha-1 + coconut frond biochar @10 t ha-1
	2.557
	56.821
	11.79

	T14- FYM @20 t ha-1 + coconut frond biochar @5t ha-1
	2.711
	60.243
	12.79

	SEm (±)
	0.038
	1.528
	0.372

	CD (0.05)
	0.110
	4.442
	1.080


4. Conclusion

The findings of this study clearly demonstrates that the combined application of farmyard manure at 20 t ha⁻¹ and coconut-frond biochar at 5 t ha⁻¹ resulted in a marked improvement in brinjal growth, as evidenced by significantly higher total dry matter accumulation and overall yield. The synergistic interaction between FYM and biochar likely enhanced nutrient availability, and microbial activity, collectively contributing to improved crop productivity. This integrated approach improved soil physical and chemical properties, likely creating a more favorable environment for nutrient availability and crop growth. The synergistic effects of FYM and biochar highlight the potential of adopting such organic amendments as a sustainable strategy for improving crop productivity. These results underscore the value of integrating biochar with conventional organic inputs to support long-term soil health and enhance brinjal yield under field conditions.
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