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A B S T R A C T   

High cost of chemical fertilizers and poor nutrient content in conventional organic sources 
(manure, compost, charcoal etc.) can be addressed through development of enriched organic 
amendments. However, there is a need to evaluate enriched organic amendments as a potential 
alternative of chemical fertilizers. Therefore, an effort was made to prepare enriched organic 
amendments through blending distillation waste of aromatic plant biomass (DWB) with naturally 
available low-grade rock phosphate (RP) and waste mica (WM). Enrich compost (ENC) was 
produced from DWB in a natural composting process, blended with mineral powder, whereas 
biochar fortified mineral (BFM) was prepared by blending biochar, derived from DWB through 
hydrothermal reaction, with mineral powder. The main aims of the present study were to 
investigate the impacts of ENC and BFM applications on soil properties, and herbage yield and 
quality of a medicinal herb Senna (Cassia angustifolia Vahl.). The performances of ENC and BFM at 
two different rates (2.5 and 5 t ha− 1) were compared with the application of conventional 
farmyard manure (FYM, 5 t ha− 1) and chemical fertilizers (CF, NPK 60-40-20 kg ha− 1) in two 
different soils in a pot experiment. Both, ENC and EBC improved soil quality and fertility by 
increasing soil organic carbon, available nutrients, microbial biomass and enzyme activity. The 
ENC and BFM increased total herbage yields by 21 and 16.3 % compared to FYM. In both soils, 
the CF treatment produced the maximum dry herbage yields (32.7–37.4 g pot− 1), which however 
were comparable to ENC (31.9–33.7 g pot− 1) and BFM (30.7–35.1 g pot− 1) treatments. Bioactive 
compound (sennoside) production in senna was significantly improved by ENC and BFM 
compared to CF. The present study indicates that ENC and BFM could not only help to overcome 
the limitation of conventional FYM, but also have the potentials to substitute costly chemical 
fertilizers, particularly in medicinal plant cultivation.   
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1. Introduction 

The commercial fertilizers, especially P and K, are expensive in developing countries due to lack of suitable raw materials for 
commercial production. The cost of chemical P and K fertilizers has also been steadily rising [1]. The global demand of P and K 
fertilizers has increased from 44.48 to 35.43 million tonnes in 2016 to 49.10 and 40.23 million tonnes in 2020, respectively [2]. Small 
and marginal farmers find it difficult to afford fertilizers due to the increased costs. Additionally, environmental pollution caused by 
injudicious application of chemical fertilizer has become rather complicated, with negative impacts [3]. Therefore, more efficient 
fertilizer management strategies are needed to be explored by using cost effective local available nutrient sources, like waste minerals 
and plant biomass [4,5]. Production of local compost and biochar from plant biomass and waste minerals, and their application could 
reduce the need of costly chemical fertilizers [6]. 

Organic amendments including manure, compost and biochar have been found as potential sources of nutrients in organic and 
ecological farming [7,8]. Recently, biochar and compost have been recognized as important organic fertilizers for enhancing crop 
yield, and soil quality and fertility by retaining carbon and increasing nutrient availability [9–11]. However, the plant nutrient content 
of these organic sources (FYM, compost and biochar) may not always meet crop requirements, particularly in terms of major nutrients 
[5]. One potential method of enhancing the nutrient content of traditional organic amendments is to blend low-grade minerals with 
waste biomass during co-composting or co-pyrolysis [11,12]. 

India has 200 million tonnes of low-grade rock phosphates (RP), however they are unsuitable for production of commercial 
phosphate fertilizers due to their low P contents [13]. On the contrary, low-grade silicate mineral powder (SMP), produced as a 
byproduct of mining, is rich in mica and a viable source of potassium [14]. However, poor solubility of RP and SMP, particularly in 
neutral and alkaline soils, restricts their direct application in agriculture [15]. Co-composting and co-pyrolysis with waste biomass 
could boost the bioavailability of phosphorus (P) and potassium (K) from low-grade RP and SMP [15–17]. The bioavailability of P from 
low-grade RP was found to be improved through composting processes [15]. Co-composting of straw biomass and low-grade RP 
significantly improves water-soluble and Olsen P content in final product [6]. Co-pyrolysis of biomass and mineral powder and 
subsequent hydrothermal reaction lead to formation of biochar-mineral complexes [17,18]. The complex formation results in 
improvement of surface area, surface functional groups and nutrient content of pristine biochar [5]. The high surface area and surface 
functional groups impart slow release property, which makes the biochar-mineral complex more efficient soil amendment [5,19]. 

The medicinal plants require less but a steady supply of nutrients for optimal growth and bioactive principal. Organic amendments 
enriched with mineral powder could potentially meet this need in neutral and saline soils [20,21]. The essential oil distillation of 
aromatic plants produces a large amount of solid waste biomass as a byproduct [22]. Thus, the huge amount of distillation waste 
biomass (DWB) can be effectively recycled and utilized to produce enriched compost (ENC) and biochar fortified mineral (BFM) [14, 
23]. Senna (Cassia angustifolia Vahl.) is a widely known medicinal plant, used in almost all systems of medicine for its laxative 
properties. Sennosides, which are found in economic parts (leaves and pods) of senna, are responsible for laxative properties [21]. 
Senna has the largest share in the export of medicinal herb from India [24]. Senna grows well in marginal soils in semi-arid regions 
[25]. It can tolerate a significant level of soil salinity and grow well in soil with pH of 7.0–8.5 [26]. Senna is a legume that responds well 
to nutrient management practices. However, the beneficial effects of enriched amendments in Senna cultivation could vary with soil 
types. The organic amendments are believed to be more beneficial in coarsely textured soil than fine texture soil [27]. Furthermore, it 
has become a popular practice to add organic amendments (FYM and compost) to saline soils in order to improve soil fertility [28] and 
plant productivity [20]. However, growing commercially important medicinal herbs, such as senna, by using cost-effective enriched 
amendments in various soil conditions have not been studied in detail. 

The scope of enriched amendments in medicinal plant cultivation and soil fertility improvement has not been investigated thor
oughly yet. Very few studies have been carried out till date to evaluate the effect of enriched amendments on yield and quality of 
medicinal plants. There is still lack of evidence about the changes in soil properties and nutrient dynamics as influenced by enriched 
amendments. Hence, it is hypothesized that the ENC and BFM (Fig. 1) could be more efficient than traditional organic amendments 

Fig. 1. Photograph sowing (a) enriched compost and (b) biochar fortified mineral produced from distillation waste biomass and mineral powder.  
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(FYM) and a potential substitution of chemical fertilizers in improving soil quality, plant growth, yield and bioactive principle in 
Senna. The main aims of this study were to (1) investigate the changes in soil properties due to applications of ENC and BFM under 
cultivation of a medicinal plant (Senna) in comparison to conventional FYM and CF in two contrasting soil types, and (2) evaluate the 
potentials of ENC and BFM in improving yield and bioactive principle of Senna. 

2. Materials and methods 

2.1. Preparation and characterization of enriched compost and biochar 

For preparation of compost and biochar, distillation waste biomass of Palmarosa (Cymbopogon martini (Roxb.) Wats.) was obtained 
from the hydro-distillation unit of the ICAR-Directorate of Medicinal and Aromatic Plants Research, Anand. The waste biomass was 
dried and cut into small pieces (≤5 cm). The low-grade rock phosphate (RP) and silicate mineral powder (SMP) were collected from 
rock phosphate mine, Udaipur, Rajasthan, India, and mica mine of Nellore district of Andhra Pradesh, India, respectively. The collected 
mineral samples were ground in a Wiley mill to make powder (150 μm size) for further use. The RP sample contained 0.02, 17, and 
94.1 g kg− 1 water-soluble, citrate-soluble, and total phosphorus (P), respectively [13]. SMP sample had 0.11, 0.21, 1.56, 80.7 g kg− 1 

waster-soluble, exchangeable, non-exchangeable, and total potassium (K), respectively [14]. According to the procedure given by 
Biswas et al. [15], the enriched compost was made from the waste biomass fortified with RP and SMP in equal proportions (2 % of the 
total composting biomass) and mixed with cow dung slurry which served as natural inoculum for composting. Cow dung slurry was 
made by mixing fresh cow dung and water at 1:1 ratio and allowed it 24 h for fermentation. For every 100 kg of biomass, 10 kg of cow 
dung slurry was added and mixed with RP and SMP. So, proportional quantity of biomass, cow dung slurry and mineral powder was 
applied at the ratio of 100:10:4. Following that, all compostable materials were placed in a composting bin, which was turned and 
watered frequently to ensure adequate aeration and moisture during the composting process. The mature compost (Fig. 1a) was 
obtained after 120 days of composting, when C:N ratio reached below 20:1. 

The dried chopped biomass was ground into small particle (≤2 mm). The ground biomass sample was pyrolyzed at 350 ◦C in muffle 
furnace under limited oxygen environment for preparation of biochar [23]. The biochar fortified mineral (BFM) was produced by 
mixing biochar, clay, minerals and organics in a hydrothermal reaction, with certain modifications to previously reported methods 
[18,19,29]. In this case, FYM was used as replacement of chicken manure, while RP and SMP were used in place of commercial calcium 
carbonate, magnesium sulphate and ilmenite. To improve the porosity and functional groups in the surface, the biochar sample was 
pre-treated with aqueous solution of phosphoric acid (10 % v/v). In a batch hydrothermal reactor, the BFM was made with propor
tional mixture of biochar (35 g), minerals (i.e., 30 g kaolinite clay, 7.5 g RP, and 7.5 g WM), and 20 g FYM. The finished product (BFM) 
was kept in a sealed container (Fig. 1b) for further use. FYM, ENC and BFM were finely powdered (≤2 mm) for further analysis. pH was 
measured in digital pH meter by suspending samples in deionized water ratio of 1:5 (w/v). Cation exchange capacity (CEC) was 
measured by the method as described by Sumner and Miller [30]. Total carbon and nitrogen content were estimated by using a CNH 
analyzer. For the determination of total P and K, samples were digested in a di-acid mixture HNO3/HClO4 at a ratio of 9:4 (v/v) [31]. 
The P content in the acid digest was analyzed by developing yellow-colored complex measured with a Spectrophotometer [32]. The K 
content in the acid extract was determined using a flame photometer. Available and water-soluble P was extracted with 0.5 M NaHCO3 
solution [33] and ultra-pure water, respectively. The P content in the solution was estimated in a Spectrophotometer by measuring 
blue-colored complex [32]. Exchangeable and water-soluble K was extracted with neutral 1 N NH4OAc solution [34] and ultra-pure 
water, respectively. The K content in solution was determined using a flame photometer. Physicochemical properties of ENC and BFM 
in comparison to FYM were provided in Table 1. BFM had the lowest total C of all amendments, followed by ENC. BFM was found to be 
somewhat acidic (pH = 6.8), in contrast to the alkaline nature of biochar (pH = 8.13) [23]. The highest CEC (63.8 cmol p+ kg− 1) was 
found in BFM, which was much greater than ENC and FYM. The BFM had a lower total C content (8.9 %), but a higher nutrient content 
as compared to pristine biochar [23] and FYM (Table 1). However, ENC found to have the highest total N and P content, while BFM had 
the highest K content. Overall, nutrient content and availability were higher in ENC and BFM than in FYM. 

Tables 1 
Physicochemical characteristic of farmyard manure (FYM), enriched compost (ENC) and biochar fortified mineral (BFM).  

Properties FYM ENC BFM 

pH 6.51 ± 0.09a 7.40 ± 0.11 6.82 ± 0.07 
Cation Exchange capacity (cmol (p+) kg− 1) 43.2 ± 1.2 47.9 ± 2.2 63.8 ± 2.3 
Total C (g kg− 1) 316.2 ± 3.1 246.7 ± 3.4 89.0 ± 7.9 
Total nitrogen (mg kg− 1) 5143 ± 73 13127 ± 486 4557 ± 694 
Phosphorus Total P (mg kg− 1) 2312 ± 43 24128 ± 907 13709 ± 721 

Olsen P (mg kg− 1) – 609 ± 8.4 911 ± 11.7 
Water soluble P (mg kg− 1) 89.7 ± 2.1 206.8 ± 2.8 187.5 ± 2.6 

Potassium Total K (mg kg− 1) 4719 ± 109 19223 ± 878 27243 ± 628 
Exchangeable K (mg kg− 1) – 9329 ± 351 12706 ± 447 
Water soluble K (mg kg− 1) 91.3 ± 1.7 209.3 ± 2.7 141.7 ± 2.1  

a Mean ± standard error (n = 3). 
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2.2. Experimental site and soils 

Senna was grown as test crop in the pot at the net house of ICAR-DMAPR, Boriavi, Anand. It is located at a latitude of 22◦ 35′ 57″– 
22◦ 36′ 06″ N and longitude of 73◦ 27′ 57″– 73◦ 27′ 16″ E, with 45.11 m altitude. The experimental site is located in a semi-arid and 
subtropical climate, with hot summers (maximum temperature of 41.5 ◦C) and cool winters (minimum temperature of 9 ◦C). The 
average annual rainfall is 860 mm, largely occurring between the months of August and September. For the pot culture experiments, 
the bulk soil samples were collected from a fallow site of ICAR-DMAPR, Anand (Fluvic Cambisol) and Bharuch, Gujarat (Haplic 
Vertisol) [35]. The soil from ICAR-DMAPR, Anand has a sandy loam texture, but the soil from Bharuch has a clay texture. The 
experimental soils were taken at a depth of 0–15 cm and analyzed for its physicochemical parameters. pH and electrical conductivity 
(EC) were determined by digital pH-EC meter in 1: 2.5 (w/v) soil: deionized water suspension [36]. Soil texture was analyzed by 
hydrometer method [37]. Organic carbon in soil was estimated by oxidation-titration method [38]. 2 M KCl solution was used to 
extract the mineral N (NH4

++NO3
− ) from the soil [39]. This was followed by estimation in micro-Kjeldahl distillation and titration. 

Alkaline 0.5 M NaHCO3 solution (pH 8.5) was used to extract available P from the soil [33] followed by colorimetric determination of 
blue color by spectrophotometer [32]. A neutral ammonium acetate (1 N NH4OAc) solution was used to extract available K from soil 
[34], followed by estimation of K in the extract using flame photometer. The detail physicochemical characteristics of the experimental 
soil are presented in Table 2. 

2.3. Plant growth experiment 

The senna plant (ALFT 2 cultivar) was grown in the pot at the net house of ICAR-DMAPR during the rainy season (June to 
September). The experiment was a factorial study with a completely randomized design (CRD). Two levels (2.5 and 5 t ha− 1) of BFM 
and ENC were compared to conventional organic manure (FYM) and recommended dose of chemical fertilizer. All together there were 
seven treatments comprised of: T1: Control; T2: Farmyard manure (5 t ha− 1); T3: Enriched compost (2.5 t ha− 1); T4: Enriched compost 
(5 t ha− 1); T5: Biochar fortified mineral (2.5 t ha− 1); T6: Biochar fortified mineral (5 t ha− 1), and T7: Chemical fertilizer (CF). All of the 
treatments in the pot culture experiment were tested in two different soils: slightly saline soil (S1) and non-saline soil (S2). All the 
treatments were repeated three times, with a total of 42 pots were used in the experiment. The collected soil samples for pot exper
iment (<5-mm size) were placed on a clean polythene sheet. A calculated amount of FYM, ENC, and BFM as per the treatments T2, T3, 
T4, T5, and T6, respectively, was added to soil and mixed thoroughly (Table 3). The chemical fertilizers were applied as per recom
mended dose (60-40-20 NPK kg ha− 1) [26]. The calculated amount of N (26.67 mg kg− 1 soil), P (17.77 mg kg− 1 soil), and K (8.89 mg 
kg− 1 soil) were supplied through urea, diammonium phosphate (DAP) and muriate of potash (MOP), respectively in T7 and mixed 
thoroughly with the soil. The soils treated with FYM, ENC BFM and CF were finally placed in earthen pots, each of which contained 20 
kg of soil. Senna seeds were soaked in a solution of Trichoderma harizanum (0.4 %) for 2 h, followed by an hour of drying in the shade. 
Five senna seeds were sown in each pot, and after germination, thinning was done to maintain single plant in each pot. Throughout the 
experimental period (120 days), irrigation was done at regular intervals to maintain soil moisture level at field capacity. Weeding was 
done once at 30 days after sowing of senna. 

2.4. Plant biometric parameters 

The plant height (cm) was recorded at flowering stage from ground level to the base of fully opened last leaf. Number of primary 
branches (plant− 1) was recorded at the time of harvest (120 days after sowing). For fresh leaf and pod weights (g plant− 1), the plants 
were uprooted and weighed immediately with an electronic balance. The fresh samples collected from each plant were dried at 40 ◦C in 
an oven and leaf dry weights (g plant− 1) and pod dry weights (g plant− 1) were recorded. Total fresh and dry herbage yields (g plant− 1) 
were derived from fresh and dry yields (g plant− 1) of leaf and pod, respectively. The total dry herbage yield per plant was calculated by 
weighing dry leaf and pod samples. 

Table 2 
Physicochemical property of experimental soils.  

Soil Parameters Soil 1 (Slightly Saline soil) Soil 2 (Non-saline soil) 

Particle size distribution 
Sand (%) 15.5 ± 0.23a 69.1 ± 0.87 
Silt (%) 28.2 ± 0.57 14.2 ± .033 
Clay (%) 56.3 ± 1.28 16.7 ± 0.72 
Texture Clayey soil Sandy loam 
pH 8.1 ± 0.11 7.8 ± 0.09 
EC (dSm− 1) 2.62 ± 0.07 0.28 ± 0.03 
Organic C (g kg− 1) 4.45 ± 0.17 2.92 ± 0.13 
Mineral N (mg kg− 1) 51.7 ± 1.78 39.6 ± 1.29 
Available phosphorus (mg kg− 1) 10.5 ± 0.92 16.3 ± 1.23 
Available potassium (mg kg− 1) 201.7 ± 4.28 89.7 ± 2.52  

a Mean ± standard error (n = 3). 
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2.5. Bioactive compound analysis 

The matured leaves (up to the third leaf from the top) and green pods from each plant were collected at 120 days after sowing. The 
leaf and pod samples were dried in the shade and then placed in an oven set at 60 ± 0.5 ◦C for 48 h. The dried sample was ground by a 
Willey mill into a fine powder for sennoside analysis. Total sennoside content was quantitatively determined using High Performance 
Liquid Chromatography (HPLC) method [40]. Using a sonication bath, dried fine powder sample (100 mg) was extracted for 10 min in 
20 mL of 70 % aqueous methanol. Standard solutions and samples were centrifuge and filtered through membrane filter (0.45 μm) and 
analyzed in a HPLC instrument (LC-20A series, Shimadzu Corporation, Kyoto, Japan). Sennoside-A and sennoside-B were used as 
reference standards (Sigma-Aldrich, Bangalore, India) for quantification of sennosides in the samples. The total sennoside yield was 
calculated and presented following the procedure given by Srivastava et al. [41]. 

2.6. Soil sampling and analysis 

After harvesting of senna plants, representative soil samples were collected from each pot. For the analysis of biological parameters, 
a portion of each soil sample was immediately stored in a refrigerator (4 ◦C). The remaining portion of the soil samples was dried, 
pulverized and processed for the study of physicochemical parameters. Analysis of physicochemical properties of the soil viz., pH, EC, 
organic carbon, mineral N (NH4

++ NO3
− ), available P and K were done as per the standard procedure already described in the preceding 

Table 3 
Nutrient application rate calculated from various treatment applied in pot experiment.  

Nutrients added (mg kg 
soil− 1) 

Treatments 

T1: 
Control 

T2: FYM (5 t 
ha− 1) 

T3: ENC (2.5 t 
ha− 1) 

T4: ENC (5 t 
ha− 1) 

T5: BFM (2.5 t 
ha− 1) 

T6: BFM (5 t 
ha− 1) 

T7: CF 

Nitrogen 0 11.42 14.58 29.16 5.07 10.13 26.67 
Phosphorus 0 5.15 26.80 53.60 15.24 30.44 17.78 
Potassium 0 10.49 21.33 42.71 30.27 60.53 8.89 

FYM: Farmyard manure; ENC: Enriched compost; BFM: Biochar fortified mineral; CF: Chemical fertilizer. 

Table 4 
Soil physicochemical property and nutrient availability as influenced by application of enriched amendments and chemical fertilizer.  

Soil 
physicochemical 
properties  

Treatments ANOVA 

T1: 
Control 

T2: FYM 
(5 t ha− 1) 

T3: ENC 
(2.5 t 
ha− 1) 

T4: ENC 
(5 t ha− 1) 

T5: BFM 
(2.5 t 
ha− 1) 

T6: BFM 
(5 t ha− 1) 

T7: CF Treatment Soil Interaction 

pH S1 7.96 ±
0.04ab 

7.70 ±
0.04efg 

7.91 ±
0.03b 

8.01 ±
0.05a 

7.79 ±
0.02cd 

7.82 ±
0.04c 

7.77 ±
0.03cde 

*** *** *** 

S2 7.63 ±
0.01gh 

7.57 ±
0.01hi 

7.67 ±
0.01fg 

7.75 ±
0.01cdef 

7.71 ±
0.03defg 

7.81 ±
0.01c 

7.53 ±
0.01i 

EC (dSm¡1) S1 1.17 ±
0.02de 

1.13 ±
0.02e 

1.22 ±
0.02cd 

1.24 ±
0.02bc 

1.28 ±
0.02b 

1.37 ±
0.02a 

1.23 ±
0.03bc 

*** *** ** 

S2 0.30 ±
0.01h 

0.34 ±
0.01gh 

0.36 ±
0.01fgh 

0.37 ±
0.01fg 

0.39 ±
0.01fg 

0.41 ±
0.01f 

0.35 ±
0.01gh 

SOC (g kg¡1) S1 4.23 ±
0.03e 

4.58 ±
0.02a 

4.39 ±
0.02c 

4.50 ±
0.02b 

4.28 ±
0.02d 

4.37 ±
0.02c 

4.20 ±
0.02e 

*** *** *** 

S2 2.96 ±
0.01j 

3.41 ±
0.01e 

3.26 ±
0.01g 

3.34 ±
0.02f 

3.12 ±
0.01i 

3.20 ±
0.01h 

2.91 ±
0.01j 

Mineral Na (mg 
kg¡1) 

S1 48.47 ±
1.64cd 

51.47 ±
1.82bc 

51.53 ±
1.17bc 

54.60 ±
1.62ab 

48.17 ±
2.20cd 

54.87 ±
1.28ab 

57.17 ±
1.56a 

*** *** NS 

S2 37.37 ±
1.13f 

41.37 ±
0.98ef 

43.03 ±
0.83e 

45.10 ±
0.79de 

41.23 ±
0.84ef 

43.73 ±
0.75e 

48.50 ±
0.51cd 

Available P (mg 
kg¡1) 

S1 11.23 ±
0.55g 

13.53 ±
0.69g 

16.00 ±
0.93f 

17.77 ±
0.97def 

11.53 ±
0.69g 

13.57 ±
1.18g 

18.43 ±
1.04de 

*** *** NS 

S2 16.57 ±
0.55ef 

19.87 ±
0.78cd 

21.57 ±
0.63bc 

23.70 ±
0.52ab 

16.87 ±
0.38ef 

18.80 ±
0.85de 

24.77 ±
0.29a 

Available K (mg 
kg¡1) 

S1 188.57 
± 2.60c 

202.93 ±
2.88b 

208.33 ±
2.58b 

216.27 ±
3.78a 

218.13 ±
2.98a 

222.50 ±
2.82a 

223.30 
± 3.32a 

*** *** NS 

S2 91.57 ±
1.10h 

105.27 ±
1.15g 

110.67 ±
0.90fg 

115.93 ±
1.47ef 

115.80 ±
1.16ef 

121.50 ±
1.69de 

124.97 
± 1.14d 

FYM: Farmyard manure; ENC: Enriched compost; BFM: Biochar fortified mineral; CF: Chemical fertilizer; S1: Slightly Saline soil and S2: Non-saline 
soil; ANOVA: Analysis of variance; NS: Non-significant. 
All the data are presented as mean values ± standard error of three independent experiments (n = 3). 
*, ** and ***Significant at P < 0.05, P < 0.01 and P < 0.001, respectively. Different letters within a same row indicate significant differences among 
treatments at p < 0.05 as per as per the Duncan multiple mean comparison test at 5 % significance. 

a Mineral N (NH4
+-N + NO3

− –N). 
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sections. The samples from the refrigerator were brought to normal room temperature before being analyzed for microbial biomass 
carbon (MBC) and dehydrogenase enzyme activity. MBC in soil was measured using a fumigation-extraction method [42]. Dehy
drogenase activity was measured by colorimetric method through estimation of tri-phenyl formazan (TPF) formed and expressed in the 
terms of TPF per hour per gram of soil (TPF g− 1 soil h− 1) [43]. 

2.7. Statistical analysis 

Data obtained from both laboratory and pot culture studies were presented as the mean of three replicates, and a completely 
randomized design (CRD) was used for analysis of variance (ANOVA). The means of the individual treatment were compared by using 
multiple comparison Duncan test (at 5 % significance level). Duncan test and correlation matrix were performed in SPSS software 
version 24 (SPSS Inc. Chicago, USA). Microsoft Excel (Microsoft Corporation, USA) software package was used for data processing, 
tabulation and graphical presentations. 

3. Results and discussion 

3.1. Soil quality 

3.1.1. Soil pH, EC and SOC 
The results of soil physicochemical properties as influenced by various treatments were presented in Table 4. Following the harvest 

of senna, significant changes in soil pH, EC (dSm− 1) and SOC (g kg− 1) were found as results of the application of ENC and BFM. Higher 
soil pH (7.85) and EC (1.23 dSm− 1) were reported in slightly saline soil than non-saline soil (7.67 and 0.36 dSm− 1, respectively). 
Application of BFM (5 t ha− 1) and ENC (5 t ha− 1) resulted in relatively higher soil pH than FYM and CF. On the other hand, application 
of chemical fertilizer (CF) recorded the lowest pH values regardless of the soil, which may be due to their acidic in nature. The BFM 
treatment recorded the highest EC values, followed by ENC application in both soils. On the other hand, CF treatment (T7) resulted in 
EC values that were comparable to ENC application. Application of BFM increased EC of non-saline soil over the initial values due to 
higher EC value of BFM itself (Table 1). Due to its inherent salinity, the slightly saline soil always recorded higher pH and EC than the 
non-saline (Anand) soil. On the other hand, regardless of soil types, the treatment receiving FYM had the highest SOC (3.41–4.58 g 
kg− 1) content (Fig. 2). The CF treatment resulted in the lowest SOC in both soils. When compared to control and CF, ENC and BFM 
significantly (p ≤ 0.05) improved SOC in both soils. The SOC contents were significantly improved by the application of higher doses of 
ENC (5 t ha− 1) and BFM (5 t ha− 1) than the lower doses of ENC (2.5 t ha− 1) and BFM (2.5 t ha− 1) in both the soils. 

Application of FYM and enriched amendments (ENC and BFM) resulted in a decrease in soil pH and an increase in EC and SOC. The 
organic amendments apparently functioned to buffer the pH of the soils. Adsorption of Na, chelation of Ca and Mg by organic anions, 
and production of organic acids due to decomposition of organic matter (FYM and ENC) perhaps decreased pH and EC of the soils [44]. 
However, presence of soluble cations (Ca, Mg and K) and recalcitrant carbon in BFM might have increased the soil EC. Similar trend 
was observed in previous studies [23,45], where application of biochar and biochar based product increased soil pH and EC. Appli
cation of FYM and enriched amendments led to a significant buildup of SOC when compared to chemical fertilizers. The results indicate 
that the enriched amendments contributed significantly to native SOC pools because the enriched amendments themselves had higher 
total C contents (Table 1) than that of the experimental soils. The organic manures and composts play a synergistic role in building up 
of SOC pool in cultivated soils over a period of time. However, duration of present investigation was not enough to claim the stability of 
the SOC pool. On the other hand, rapid mineralization of native soil C in the CF treatment led to decrease in SOC content [46]. The 
positive impacts of FYM and enriched amendments on soil pH, EC and SOC in different soil types have been reported in different 
studies [17,20,47,48]. In previous investigations, application of FYM and enriched compost recorded 17.3 % and 10.2 % higher SOC 
contents, respectively, compared to application of CF [6]. 

Fig. 2. Soil organic carbon content as application of enriched amendments and chemical fertilizer. Bars are standard errors (n = 3). 
Treatment details: T1: Control; T2: Farmyard manure (5 t ha− 1); T3: Enriched compost (2.5 t ha− 1); T4: Enriched compost (5 t ha− 1); T5: Biochar 
fortified mineral (2.5 t ha− 1); T6: Biochar fortified mineral (5 t ha− 1), and T7: Chemical fertilizer (CF). 
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3.1.2. Nutrient availability 
Application of both conventional (FYM) and enriched amendments (ENC and BFM) had a positive influence on the mineral N, 

available P, and K (Table 4). Available nutrient status was improved significantly (p ≤ 0.05) in soil by the addition of enriched 
amendments (ENC and BFM) as well as CF treatments. Available K was significantly higher in ENC and BFM treatments in both soil 
types as compared to FYM. In both soils, the highest mineral N (48.5–57.2 mg kg− 1), available P (18.4–24.8 mg kg− 1) and available K 
(125–223 mg kg− 1) contents were observed under CF treatments. Higher dose (5 t ha− 1) of ENC and BFM application did not show any 
significant improvement in available nutrient status over lower dose (2.5 t ha− 1) of ENC and BFM applications. However, available P 
(17.8–23.7 mg kg− 1) measured in ENC (5 t ha− 1) treatment and available K (121.5–222.5 mg kg− 1) measured in BFM (5 t ha− 1) 
treatment were comparable to CF. In slightly saline soil, the mineral N (NH4

+ + NO3
− ) and available K were higher than non-saline soil, 

while the opposite was true for available P. Overall, there was no evidence of a significant (p ≤ 0.05) relationship between the different 
treatments and soil types. Overall, enriched amendments (ENC and BFM) were found comparable or almost equally as effective as CF in 
maintaining available nutrient status in both the soils. The application of ENC and BFM (Table 1), which were made from P and K 
bearing minerals, might have improved nutrient retention and availability in the soils. The BFM is a nutrient rich amendment with 
improved physicochemical properties, which might have derived from organo-mineral complex formation [29]. The scanning electron 
microscopy (SEM) and fourier transform infrared spectroscopy (FTIR) data proved the evidence of such complex formation. Thus, 
enriched amendments (ENC and BFM) might have enriched the available N pool by improving mineral N in soil as well as higher 
retention in soil [45]. These results follow a similar trend to that in other medicinal crops, where significantly higher mineral N was 
built up by vermicompost [49] and enriched compost [6] applications than FYM. Organic matter present in enriched amendments 
prevents soluble P from fixation [21] in the soil by occupying the adsorption sites in the soil matrix [6]. Similarly, rapid conversion of 
available P into microbial biomass may also prevent soluble P from fixation in the soil matrix [50]. Thus, both the mechanism perhaps 
indirectly contributed to greater available P in soils. Significant higher amounts of K were added to soil through both ENC and BFM 
(Table 3). Furthermore, mobilization of K from mineral through bio-activation by organic matter present in enriched amendments 
might have contributed higher available K in soil. Similar observation was found in previous study [14], where application of silicate 
mineral enriched compost improved available K content in soil. Thus, enriched amendments (ENC and BFM) made from natural 
minerals and waste biomass can effectively improve nutrient use efficiency as well as available nutrient status of the soil [6,17,47,51]. 

3.1.3. Soil biological properties 
In comparison to CF, enriched amendments (ENC and BFM) significantly (p ≤ 0.05) increased the microbial biomass carbon (MBC) 

and dehydrogenase activity (DHA) in both slightly saline and non-saline soils (Fig. 3). The highest soil MBC was measured (245.4 mg 
kg− 1) in ENC treatment (5 t ha− 1), which was comparable to BFM (5 t ha− 1) treatment (240.6 mg kg− 1). However, in slightly saline soil, 
FYM (173.1 mg kg− 1) performed even better than ENC (5 t ha− 1) in improving MBC (Figure: 3a). Similar trend was also observed for 
DHA, where ENC (5 t ha− 1) (37.23 μTPF g− 1 h− 1) and FYM (27.07 μTPF g− 1 h− 1) treatments performed better than CF in both slightly 
saline soil and non-saline soil, respectively (Figure: 3b). High dose (5 t ha− 1) of ENC and BFM applications significantly improved MBC 
and DHA in soils over low dose (2.5 t ha− 1) of ENC and BFM applications. Application of FYM was also found quite effective in 
improving DHA in slightly saline soil, while the use of chemical fertilizers (CF) reduced the enzyme activity in both soil types. 
Application of ENC recorded significantly higher DHA than BFM in both the soils. Organic fertilizers improve soil physicochemical 
environment, available nutrients and the metabolic substrates, which create ideal environment for soil microorganisms [52]. Thus, 
organic fertilizer improves microbial growth and soil enzyme activity instead of chemical fertilizer [46,53]. MBC is the most active 
component of SOC, which responds quickly to the input supply [54]. Both, ENC and BFM performed better than CF in improving MBC. 
The ENC and BFM act as excellent substrates for the rapid microbial growth due to the balanced supply of both carbon and nutrients in 
the soil [6,51]. The DHA is a metabolic enzyme that represents the microbial population in soil, more specifically the metabolically 
active microorganisms [55]. Application of bio-organic fertilizer was found to improve soil environment by increasing beneficial 
microbes in soil [56]. In the present study, the enriched amendments (ENC and BFM) might serve as a balanced source of organic 

Fig. 3. Soil microbial biomass carbon (a) and dehydrogenase activity (b) as influenced by application of enriched amendments and chemical 
fertilizer. Bars are standard errors (n = 3). 
Treatment details: T1: Control; T2: Farmyard manure (5 t ha− 1); T3: Enriched compost (2.5 t ha− 1); T4: Enriched compost (5 t ha− 1); T5: Biochar 
fortified mineral (2.5 t ha− 1); T6: Biochar fortified mineral (5 t ha− 1), and T7: Chemical fertilizer (CF). 
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carbon and essential elements, which boosted DHA in soil. In comparison to slightly saline soil, non-saline soil was found to have better 
biological properties in terms of MBC and DHA. This might be due to more soil congenial environment was prevailing in non-saline soil 
than slightly alkaline soil. There was a significant interaction between the treatments and soil types in the case of soil MBC, but not for 
DHA. The findings of the present investigation are in agreement with other studies, where soil MBC and DHA were improved by the 
application of enriched composts [6,20] and biochar [11,51,54]. Therefore, enriched amendments, such as ENC and BFM, could serve 
as alternative nutrient sources in improving soil biological properties. 

4. Plant growth and yield 

The growth and yield parameters of senna as influenced by different organic amendments were presented in Table 5. Enriched 
amendments (ENC and BFM) and CF significantly increased plant growth in both the soils compared to control (unfertilized). The 
highest plant growth (plant height and number of branches) was recorded under CF treatment in both soils, followed by ENC (5 t ha− 1) 
and BFM (5 t ha− 1) in slightly saline and non-saline soil, respectively. However, there was not statistically significant (p ≤ 0.05) 
difference among CF, ENC and BFM treatments. Application of ENC (5 t ha− 1) and BFM (5 t ha− 1) increased plant height by 30.0 % and 
25.4 % (slightly saline soil) and 18.8 % and 22.7 % (non-saline soil), respectively over FYM. Although CF produced the highest number 
of branches, was almost par with ENC (5 t ha− 1) and BFM (5 t ha− 1) treatments. In both the soils, application of enriched amendments 
(ENC and BFM) resulted in considerably higher plant height and number of branches than FYM, regardless of doses (2.5 and 5 t ha− 1). 
Higher level of BFM (5 t ha− 1) produced significantly (p ≤ 0.05) higher plant height than lower level of EBC (2.5 t ha− 1) treatment. 
However, non-saline soil (Anand) demonstrated better plant growth than slightly saline soil irrespective of treatments and there was no 
significant (p ≤ 0.05) interaction between nutrient sources and soil types. 

Positive effect of different enriched amendments (ENC and BFM) and CF was also reflected in the improvement of total dry herbage 
(leaf + pod) yield of senna (Fig. 4). Averaged over two soils, significantly (p ≤ 0.05) higher total dry herbage yield was obtained under 
CF than other treatments. However, total dry herbage yield under ENC (5 t ha− 1) was almost equal to CF treatment in slightly saline 
soil. 

The highest dry leaf yield (28.4–31.8 g plant− 1) was produced by CF treatment in both soil types, followed by ENC (5 t ha− 1) and 
BFM (5 t ha− 1). However, ENC and BFM produced higher dry leaf yield than FYM in both the soils (Table 5). Unlike leaf yield, dry pod 
yield in the CF treatment was found equivalent to treatment receiving ENC (5 t ha− 1) and BFM (5 t ha− 1) in slightly saline soils 
(Table 5). Higher doses of ENC (5 t ha− 1) and BFM (5 t ha− 1) recorded considerably higher fresh and dry herbage yields than lower dose 
of ENC (2.5 t ha− 1) and BFM (2.5 t ha− 1) in both the soils. Application of both ENC and BFM produced significantly higher leaf, pod and 
total herbage yield (dry weight basis) than FYM. Significant interaction between treatment and soil type was observed in case of dry 
pod yield, but dry leaf yield did not show such interaction effect. Overall, non-saline soil recorded higher herbage yield than slightly 

Table 5 
Plant biometric parameters as influenced by application of enriched amendments and chemical fertilizer.  

Plant biometric 
parameters  

Treatments ANOVA  

T1: 
Control 

T2: FYM 
(5 t ha− 1) 

T3: ENC 
(2.5 t 
ha− 1) 

T4: ENC 
(5 t ha− 1) 

T5: BFM 
(2.5 t 
ha− 1) 

T6: BFM 
(5 t ha− 1) 

T7: CF Treatment Soil Interaction 

Plant height 
(cm) 

S1 31.33 ±
0.74i 

34.67 ±
0.99hi 

42.43 ±
0.38ef 

45.07 ±
0.63cde 

39.03 ±
1.05fg 

43.47 ±
0.41de 

47.37 ±
0.98cd 

*** *** NS 

S2 36.43 ±
0.75gh 

43.67 ±
1.60de 

48.37 ±
3.43bc 

51.90 ±
0.71ab 

47.03 ±
1.91cd 

53.60 ±
0.46a 

54.63 ±
0.44a 

Number of 
branches 
(plant¡1) 

S1 9.67 ±
0.88e 

11.00 ±
0.58de 

13.00 ±
0.58abcd 

13.33 ±
0.88abcd 

12.33 ±
0.33bcde 

12.67 ±
0.88abcd 

14.67 ±
0.88ab 

*** ** NS 

S2 11.00 ±
1.15de 

11.67 ±
0.88cde 

14.33 ±
0.88abc 

14.67 ±
0.88ab 

13.67 ±
0.88abcd 

15.33 ±
0.88a 

15.33 ±
0.88a 

Dry leaf yield (g 
plant¡1) 

S1 20.07 ±
0.92i 

23.07 ±
0.75gh 

25.30 ±
1.21efg 

27.80 ±
0.59bcd 

23.80 ±
0.95fgh 

26.70 ±
1.21cde 

28.40 ±
0.36bcd 

*** *** NS 

S2 22.83 ±
0.85h 

26.07 ±
0.73def 

27.80 ±
0.59bcd 

28.43 ±
0.41bcd 

29.10 ±
0.47bc 

29.80 ±
0.38ab 

31.80 ±
0.55a 

Dry pod yield (g 
plant¡1) 

S1 2.38 ±
0.13h 

3.33 ±
0.05g 

3.82 ±
0.06ef 

4.15 ±
0.14d 

3.71 ±
0.05f 

4.01 ±
0.11de 

4.28 ±
0.08d 

*** *** * 

S2 3.54 ±
0.17fg 

4.09 ±
0.11de 

4.83 ±
0.06c 

5.27 ±
0.06b 

5.15 ±
0.04b 

5.28 ±
0.04b 

5.63 ±
0.10a 

Total dry 
herbage 
yield (g 
plant¡1) 

S1 22.44 ±
0.86i 

26.40 ±
0.79h 

29.12 ±
1.19fg 

31.95 ±
0.61cde 

27.51 ±
0.98gh 

30.71 ±
1.24def 

32.68 ±
0.33bcd 

*** *** NS 

S2 26.38 ±
0.70h 

30.16 ±
0.84ef 

32.63 ±
0.62bcd 

33.71 ±
0.45bc 

34.25 ±
0.44bc 

35.08 ±
0.41b 

37.43 ±
0.64a 

FYM: Farmyard manure; ENC: Enriched compost; BFM: Biochar fortified mineral; CF: Chemical fertilizer; S1: Slightly Saline soil and S2: Non-saline 
soil; ANOVA: Analysis of variance; NS: Non-significant. 
All the data are presented as mean values ± standard error of three independent experiments (n = 3). 
*, ** and ***Significant at P < 0.05, P < 0.01 and P < 0.001, respectively. Different letters within a same row indicate significant differences among 
treatments at p < 0.05 as per as per the Duncan multiple mean comparison test at 5 % significance. 

P.K. B et al.                                                                                                                                                                                                             



Heliyon 10 (2024) e24874

9

saline soil irrespective of treatments. 
The plant growth and yield are important components responsible for the economic yield of senna, which were influenced by CF 

and enriched amendments in our study. Both ENC and BFM outperformed conventional organic manure like FYM. The ENC and BFM 
probably supplied balance nutrients and organic matter ideal for plant growth (Table 3). Furthermore, adding of low-grade RP and 
SMP during hydrothermal reaction and composting process improved nutrient content in the final product (ENC & BFM) than FYM 
(Table 1) The higher nutrient supplying potential of the enriched amendments might have contributed higher plant growth and yield as 
compared to conventional organic manure (FYM). The enriched amendments attributed to enhanced plant growth and herbage yield of 
senna due to their better nutrient retention and higher biological activities (Tables 3 and 4). The application of enriched amendments 
(ENC & BFM) created a better soil environment by adding organic matter and essential plant nutrients together [47]. Moreover, higher 
nutrient retention capacity of enriched amendment contributed nutrient supply for longer period of time [12,45]. This phenomenon 
might have contributed higher cellular metabolisms and biomass production. The findings of this study are in consistent with earlier 
reports, where enriched biochar formulation boosted plant growth and yield of lettuce [57], wheat [51] and ginger [17], including 
medicinal plants, where application of enriched amendments increased economic yields of isabgol (Plantogo ovata Forsk.) [6], senna 
(Cassia angustifolia Vahl.) [21], Centella asiatica (L.) [58] and ashwagandha (Withania somnifera (L.) Dunal [20] (see Fig. 4). 

4.1. Bioactive compound content and yield 

Sennoside content and yield as influenced by various amendments and chemical fertilization in two different soil types were 
presented in Fig. 5. The treatments receiving FYM and enriched amendments (ENC and BFM) produced higher leaf sennoside content 
over the control. However, sennoside content in pods was unaffected by various fertilizer treatments in both soil types. In slightly 
saline soil, different treatments did not influence total sennoside content in senna. However, application of ENC and BFM resulted in 
significantly (p ≤ 0.05) higher total sennoside contents than CF and FYM treatments in non-saline soil (Fig. 5a). The BFM treatment (5 t 
ha− 1) under non-saline soil had the highest sennoside content (3.13 %), which are 21.5 % and 29.2 % higher than FYM and CF, 

Fig. 4. Total dry herbage yield of senna as influenced by application of enriched amendments and chemical fertilizer. Bars are standard errors (n =
3). 
Treatment details: T1: Control; T2: Farmyard manure (5 t ha− 1); T3: Enriched compost (2.5 t ha− 1); T4: Enriched compost (5 t ha− 1); T5: Biochar 
fortified mineral (2.5 t ha− 1); T6: Biochar fortified mineral (5 t ha− 1), and T7: Chemical fertilizer (CF). 

Fig. 5. Bio active compound content (a) and yield (b) of senna as influenced by application of enriched amendments and chemical fertilizer. Bars 
are standard errors (n = 3). 
Treatment details: T1: Control; T2: Farmyard manure (5 t ha− 1); T3: Enriched compost (2.5 t ha− 1); T4: Enriched compost (5 t ha− 1); T5: Biochar 
fortified mineral (2.5 t ha− 1); T6: Biochar fortified mineral (5 t ha− 1), and T7: Chemical fertilizer (CF). 
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Table 6 
Correlations among plant and soil parameters of senna pot experiment in slightly saline soil.   

Plant 
height 

Leaf dry 
weight 

Pod dry 
weight 

Total herbage 
yield 

Total 
sennoside 

Soil pH EC Organic 
carbon 

Mineral N Available P Available K MBC DHA 

Plant height 1             
Leaf dry weight .821** 1            
Pod dry weight .922** .848** 1           
Total herbage 

yield 
.857** .996** .894** 1          

Total sennoside .146 .056 .039 .054 1         
Soil pH .009 − .064 − .163 − .083 .259 1        
EC .485* .480* .471* .489* .012 .056 1       
Organic carbon .131 .152 .284 .178 .055 .091 .129 1      
Mineral N .569** .686** .587** .684** .048 .011 .316 .075 1     
Available P .740** .658** .704** .680** .057 .146 .043 .128 .604** 1    
Available K .751** .798** .814** .818** − .140 − .231 .623** .176 .570** .391 1   
MBC − .027 .088 .112 .094 − .027 − .076 − .096 .877** .077 .051 .023 1  
DHA − .182 .023 .039 .027 − .046 − .012 − .259 .798** − .034 .014 − .117 .848** 1  
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Table 7 
Correlations among plant and soil parameters of senna pot experiment in non-saline soil.  

Plant height Plant 
height 

Leaf dry 
weight 

Pod dry 
weight 

Total herbage 
yield 

Total 
sennoside 

Soil pH EC Organic 
carbon 

Mineral N Available P Available K MBC DHA 

Plant height 1             
Leaf dry weight .773** 1            
Pod dry weight .857** .910** 1           
Total herbage 

yield 
.801** .996** .941** 1          

Total sennoside .239 .101 .353 .153 1         
Soil pH .259 .126 .307 .163 .677** 1        
EC .599** .688** .704** .700** .280 .633** 1       
Organic carbon .369 .186 .362 .223 .468* .821** .650** 1      
Mineral N .799** .819** .813** .830** .041 − .029 .411 .114 1     
Available P .620** .517* .567** .535* − .099 − .209 .032 .059 .828** 1    
Available K .907** .925** .934** .940** .209 .233 .733** .303 .829** .526* 1   
MBC .776** .679** .797** .711** .309 .555** .771** .781** .588** .464* .753** 1  
DHA .074 − .168 − .032 − .144 .043 .423 .184 .741** − .055 .176 − .036 .460* 1 

*p ≤ 0.05, **p ≤ 0.01 significant correlation co-efficient n = 21. 
EC: Electrical conductivity; MBC: Microbial biomass carbon; DHA: Dehydrogenase activity. 
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respectively. Unlike sennoside content, total sennoside yield in both soils varied significantly by different treatments (Fig. 5b). The 
treatment that received BFM (5 t ha− 1) had the highest total sennoside yield (108.46 mg plant− 1) in non-saline soil, followed by ENC (5 
t ha− 1) (101.23 mg plant− 1). High doses of ENC (5 t ha− 1) and BFM (5 t ha− 1) recorded significantly higher sennoside yields than low 
doses of ENC (2.5 t ha− 1) and BFM (2.5 t ha− 1) in both the soils. However, in slightly saline soil, the highest total sennoside yield was 
obtained in ENC treatment followed by CF treatment. Overall, higher sennoside yield was found in non-saline soil than slightly saline 
soil. 

The production of secondary metabolites, including alkaloids, is very much related to nutrient sources [59] including organic 
fertilizers that can significantly influence secondary metabolites in medicinal plant [60]. Organic manures and fertilizers supply all 
essential nutrients throughout the growth period with the improvement in soil properties that influence secondary metabolisms of 
plants [45]. In the present study, sennoside content and yield responses to various fertilization treatments followed quite different 
patterns. This could be due to the fact that both herbage yield and sennoside content influenced the sennoside yield. The enriched soil 
amendments contain more essential nutrients as well as organic carbon, which boost the nutrient availability that promote the pro
duction of secondary metabolites in the plant [20]. In the present study, the consistent supply of essential plant nutrients from the 
enriched amendments (ENC and BFM) improved nutrient transformation, availability and assimilation, resulting in a boost in synthesis 
of primary and secondary metabolites in senna [61]. Traditional organic manures (FYM and farm compost) are good sources of organic 
carbon, but poor in essential plant nutrient contents [6,47]. Due to a balance combination of organic and mineral sources, ENC and 
BFM served better than FYM in our study [12,17] Application of enriched amendment might have facilitated a congenial plant growth 
environment for the synthesis of bioactive compound in Senna (sennoside) [21]. A better congenial environment in terms of pH, 
electrical conductivity and biological parameters prevailed in non-saline soil during plant growth period resulted in higher sennoside 
yield as compared to slightly saline soil. The similar results were reported by previous studies in which application of organic 
amendments recorded higher sennoside yields in non-saline soil as compared saline soil [46]. One of the reasons for better perfor
mance of ENC in slightly saline soil could be higher organic carbon content in ENC than BFM. ENC was found more effective than BFM 
in improving the soil properties particularly SOC and available nutrients in slightly saline soil as evident in our study. On the other 
hand, BFM improved nutrient use efficiency in non-saline due to better nutrient retention capacity than other organic as evident in 
previous study [45]. The findings of our study are also in line with previous work where enriched compost were found to perform 
better than biochar in saline soil [62] and enriched biochar performed better than compost in non-saline soil [45]. 

Based on the data on soil and plant parameters, correlation matrix was developed for each soil type (Tables 6 and 7). There were 
significant positive correlations of total herbage yield with plant height (r = 0.80, p ≤ 0.01), soil EC (0.70, p ≤ 0.01), mineral N (0.83, p 
≤ 0.01), available P (0.53, p ≤ 0.01), available K (0.94, p ≤ 0.01) and MBC (0.71, p ≤ 0.01) in non-saline soil (Table 7). Sennoside 
content was significantly correlated with soil pH (0.68) and organic carbon (0.49). Almost similar trend was observed in slightly saline 
soil (Table 6). However, sennoside content did not show any significant correlation with soil parameters. On the other hand, the soil 
microbial biomass carbon and dehydrogenase activity were significantly correlated with organic carbon in both the soils. The result 
indicated a positive influence of available nutrients and MBC on herbage yield of senna. The available nutrients were correlated well 
with soil biological properties. Thus, enriched organic amendment improved available nutrients, which might have contributed to 
plant growth and yield. The outcome of the present investigation is in agreement with previous studies [6,21]. 

In the current study, we investigated the potential of enriched amendments application (ENC and BFM) in senna cultivation. The 
ENC and BFM were found superior to conventional organic amendments, such as FYM, as an alternative of CF. However, the results of 
the present study was based on the one season pot experiment. The effect of ENC and BFM may also vary between pot and field 
conditions. Therefore, further studies, including field experiments, would be helpful to determine the full potential of these enriched 
amendments in sustainable production of high value medicinal herbs. In this study, the economic feasibility was not investigated for 
ENC and BFM in comparison to FYM and CF applications. This aspect might be important for farmer adaptation of enriched 
amendments in cultivation of high value medicinal herbs. 

5. Concluding remarks 

This study demonstrated that blending of waste biomass and mineral powder in hydrothermal and composting process significantly 
increased the essential nutrients content in the biochar fortified mineral (BFM) and enriched compost (ENC). Application of both ENC 
and BFM boosted the soil quality and fertility via improving available nutrients status, microbial biomass, and enzyme activity. Thus, 
present findings support our hypothesis of soil properties improvement through enriched amendment application. As a result, the 
enriched amendments (ENC and BFM) were significantly more effective than traditional organic manures (FYM) in plant growth and 
herbage yield of the medicinal herb Senna. The ENC performed better in slightly saline soil while BFM in non-saline soil. Higher doses 
of ENC (5 t ha− 1) and BFM (5 t ha− 1) performed better than the lower dose of ENC (2.5 t ha− 1) and BFM (2.5 t ha− 1) in both the soils. 
Although application of chemical fertilizer produced overall the highest total herbage yield of Senna, the enriched amendments (ENC 
and BFM) were found more effective than chemical fertilizer in slightly saline soil with respect to bioactive compound (sennoside) 
content and its yield. Thus, findings of the study support our hypothesis of enriched amendments as potential substitute of chemical 
fertilizers. We conclude that application of enriched amendments (ENC and BFM) is better than conventional FYM in Senna cultivation 
in term of total herbage and sennoside yields. Furthermore, these enriched amendments have the potentials to serve as an alternative of 
costly chemical fertilizers, particularly regarding sennoside yields in Senna cultivation. 
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