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1. INTRODUCTION 

The soil of the Onattukara region has been classified as a problem soil in Kerala 

primarily due to its sandy loam texture, characterised by high porosity and coarse 

particles, along with low levels of organic matter and essential nutrients. The soil is 

acidic in nature, poor in nutrient reserves, and shows low water holding capacity and 

cation exchange capacity with deficiencies in potassium, calcium, and magnesium 

(Mini and Mathew, 2015). As a result, agricultural productivity in the region remains a 

challenge without appropriate soil amendments and water management strategies. 

Onattukara region follows a cropping system where two crops of rice are followed by 

sesame/vegetables/pulses. During summer, there is potential for raising a crop of okra 

followed by a short duration crop of amaranthus. Biochar, a carbon-rich product made 

by pyrolysis of biomass, has emerged as a viable amendment for such problem soils. 

Biochar has a lower bulk density, higher porosity and higher water holding capacity, 

making it a suitable material for water and nutrient management (Punnoose and Anitha, 

2015). When incorporated in soil, biochar provides various benefits, like increase in 

yield, water and nutrient use efficiency and other environmental benefits. Several 

studies have reported improved crop growth and soil properties upon biochar 

application. Tender coconut husk is now becoming an agricultural waste in Kerala. Only 

a fraction of this agro-waste is effectively utilised by composting or using it as mulch 

in coconut gardens. Biochar produced from tender husk is reported to have several 

benefits in crop production.   

Plant growth-promoting bacteria are a promising alternative to commercial 

fertilisation. Integration of microbial inoculants such as plant growth-promoting 

rhizobacteria (PGPR) with biochar enhances soil fertility and crop productivity by 

preventing fertiliser runoff, leaching, and enhancing moisture retention. Bacillus 

pumilus, thrives in a wide range of environments, promotes growth in several crops and 

shows resistance to abiotic stresses. Bacillus amyloliquefaciens has positive effects on 

yield of tomato (Gul et al., 2008) and can be suggested as a bio-fertiliser to minimise 

fertiliser application. Bacillus velezensis is known to produce Indole-3-acetic acid 

(IAA) and siderophores, thereby improving plant growth.  
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Consequently, the present study was proposed with the following objectives: 

• Assessment of seed bacterization and biochar amendment on the growth and 

yield of okra. 

• Analysing the residual effect of treatments on the sequential crop of 

amaranthus in Onattukara.  
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2. REVIEW OF LITERATURE 

Onattukara region in Kerala has sandy loam soils and is characterised by very low 

organic matter, low water holding capacity, poor nutrient retention and cation exchange 

capacities and several nutrient deficiencies. All these factors hinder sustainable crop 

production.  Biochar has gained attention as a promising soil amendment in these areas 

due to its ability to enhance soil structure, water holding capacity and nutrient retention, 

and provide a favourable habitat for beneficial microorganisms, ultimately leading to 

increased crop productivity (Saxena et al., 2013; Punnoose and Anitha, 2015). Plant 

growth-promoting rhizobacteria (PGPR), especially Bacteria, plays a pivotal role in 

improving plant growth through mechanisms such as solubilization of nutrients, 

phytohormone production, and stress tolerance (Kumar et al., 2020; Dobrzynski et al., 

2022). The combined use of biochar and PGPR has been reported to enhance soil 

fertility, uptake of nutrients and crop productivity while reducing leaching losses (Malik 

et al., 2022). Therefore, a review of existing studies on biochar and Bacillus spp. 

provides a basis for understanding their potential in enhancing the productivity of okra-

amaranthus cropping sequence in sandy soil. The literature related to the effect of seed 

bacterization and biochar on crop growth, yield, and soil properties are presented in this 

chapter. 

2.1 EFFECT OF BIOCHAR ON CROP AND SOIL 

2.1.1 Effect of Biochar on Growth Attributes  

Plant growth due to the effect of biochar varies with soil, type of biochar, crops 

grown, fertiliser application and cultivation system. Cong et al. (2023) had reported that 

the application of biochar in sandy soils had significantly increased the height, root 

biomass, stems and leaves, of maize compared to the control. On the contrary, Gairhe 

et al. (2024) opined that the application of biochar obtained from different feedstocks 

had no significant increase in plant height of okra. Vikram (2024) reported that 

application of tender coconut husk biochar on okra at 5 t ha-1 along with 5 t ha-1 farm 

yard manure (FYM) and 100 per cent recommended dose of fertilisers (RDF) had 

significantly increased the growth attributes like height of the plant, number of leaves 

per plant, root depth and root volume compared to control plants. Madaki et al. (2025) 



4 

 

 

 

had also observed taller plants, with higher number of leaves, and leaf area in okra 

applied with rice husk biochar. 

Higher number of branches per plant and leaves per plant was observed in 

amaranthus supplied with biochar along with the recommended dose of NPK (Punnoose 

and Anitha, 2017).  Anwar et al. (2021) found that the sole application of wheat straw 

biochar on okra increased the plant height by 30 per cent and root length by 23 per cent 

compared to the control. Biochar loaded with nitrogen and biofertiliser produced the 

highest leaf area index (LAI), total dry matter, and crop growth rate (CGR) in wheat 

(Khan et al., 2021). Similarly, Khan et al. (2022) reported that in maize, the combined 

application of biochar (36 t ha-1) and straw mulch had increased the plant height, stem 

diameter, leaf area index, number of leaves per plant, dry weight and CGR. Sikdar et 

al. (2023) also observed an increased number of leaves per plant, leaf length, plant fresh 

weight, and stem diameter when tea waste biochar were applied on okra. The combined 

application of NPK fertiliser (at 60 kg N ha-1) and biochar derived from cocoa pod husk 

(at 5 t ha-1) produced taller plants and number of leaves in okra (Oluleye et al., 2023).  

2.1.2 Effect of Biochar on Yield Attributes 

Application of tender coconut husk biochar at 20 t ha-1 along with PGPR (2%) 

and NPK fertiliser had significantly improved the pod length by 20.31 per cent, pod 

girth by 36.84 per cent, pod weight by 18.04 per cent, and the number of pods per plant 

by 30.77 per cent in yard long bean (Dainy, 2015). Timilsina et al. (2020) observed that 

biochar (at 2 t ha-1) combined with the RDF had increased the curd yield in cauliflower 

to about 37 per cent. Acharya et al. (2022) reported that the combined application of 

goat manure and biochar had significantly improved the yield attributes, such as fruit 

weight by 32.4 per cent, the number of fruits by 70 per cent and total fruit yield by 89 

per cent in okra. According González-Pernas et al. (2022), biochar (at 10 t ha-1) had 

significantly increased the average fresh weight of radishes by 35.4 per cent, lettuce by 

98.1 per cent, tomatoes by 24.8 per cent, and sweet peppers by 35.2 per cent. 

Significantly higher numbers of pods per plant, pod length, individual pod weight, 

pod diameter, and pod weight per plant were observed for okra grown in sandy soils 

that was amended with sugarcane bagasse biochar (Sikdar et al., 2023). Gairhe et al. 
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(2024) also obtained significant improvement in the size and yield of okra with biochar 

obtained from ashoka leaf. Vikram (2024) reported that the application of biochar 

obtained from tender coconut husk, along with FYM and 100 per cent RDF significantly 

increased yield parameters of okra, such as fruit yield per plant, fruit yield per ha and 

harvest index compared with control plants. Similarly, Madaki et al. (2025) recorded 

higher number of fruits, greater fruit length and width, and increased fruit weight in 

okra plants supplemented with rice husk biochar. The application of biochar derived 

from aquatic weed has been found to increase the number of fruits per plant and fruit 

weight in okra (Munir et al., 2025).  

2.1.3 Effect of Biochar on Quality Parameters 

Kamalraj et al. (2017) reported an increased composition of carbohydrate, ash, 

and fibre content in okra fruits which were supplemented with biochar. Increased crude 

fibre content was also observed due to the application of sugarcane bagasse biochar in 

tomato (Usman et al., 2023). Vikram (2024) had also reported significant increase in 

crude fibre content in okra fruits due to the application of tender coconut husk biochar 

along with FYM and 100 per cent RDF. 

Nagula (2017) observed significantly higher total soluble solids and vitamin C in 

bananas due to the application of tender coconut husk biochar along with 75 per cent 

soil test-based RDF. The application of biochar produced from bamboo was found to 

increase the ascorbic acid content and soluble solids in tomato when compared to the 

control (Suthar et al., 2018). Similar observations on increased vitamin C content were 

also reported in cucumber (Ali et al., 2020), tomato (Obadi et al., 2024), and ash gourd 

(Li et al., 2024a) following the application of biochar. 

2.1.4 Effect of Biochar on Uptake of N, P, and K 

Dainy (2015) observed that applying tender coconut husk biochar in combination 

with NPK fertiliser had enhanced nitrogen uptake in yard-long bean, increasing it from 

51.19 kg ha-1 to 105.50 kg ha-1. Similar results were observed by Peng et al. (2021), 

where the combined application of biochar at 6 t ha-1 and fertiliser promoted nitrogen 

uptake in maize by 15 per cent, which may be attributed to improved nitrogen retention 
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in the soil. Cong et al. (2023) also observed increased N uptake in maize as a result of 

single application of wheat straw biochar. 

Jabin (2022) reported an increased uptake of P by ginger in shoot, root and 

rhizome due to the application of paddy husk biochar at 30 t ha-1. Phares et al. (2022) 

had also observed significantly increased P uptake in maize due to the combined 

application of corn cob biochar and NPK fertilisers. Oluleye et al. (2023) found that the 

application of cocoa pod husk biochar produced 139 per cent increase in P uptake by 

okra. Vikram (2024) opined that the uptake of P by okra could be increased with the. 

application of tender coconut husk biochar.  

The application of tender coconut husk biochar enhanced K uptake in yard long 

bean by 194.17 per cent compared to the control (Dainy, 2015). Similarly, Syuhada et 

al. (2016) observed an increased uptake of K by corn due to the application of biochar 

derived from oil palm empty fruit bunch. Oluleye et al. (2023) found that the combined 

application of cocoa pod husk biochar and NPK fertiliser significantly increased K 

uptake in okra plants by 87 per cent compared to the control. 

2.1.5 Effect of Biochar on Soil Parameters 

Application of biochar at 30 t ha-1 along with NPK was found to increase WHC 

from 30.89 per cent to 48.78 per cent compared to the control (Dainy, 2015). Similar 

findings were also reported by Nagula (2017), where an increase in the WHC from 24.3 

per cent to 38.18 per cent was observed due to the application of biochar along with 75 

per cent doses of NPK. Jabin and Rani (2023) observed an increase in WHC and 

decrease in bulk density of soil with increasing doses of paddy husk biochar.  

The experiential findings by Ali et al. (2022) showed that, application of cassava 

straw biochar along with nitrogen fertiliser had significantly improved the soil pH and 

soil organic carbon compared to the sole application of N. Masulili et al. (2025) opined 

that significantly higher values for soil pH, CEC and OC were observed when rice husk 

biochar was applied in combination with NPK fertilisers in ginger. Munir et al. (2025) 

also reported an increased soil EC and WHC with the application of aquatic weed 

biochar compared to the control in okra. 
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Gao et al. (2021) reported that applying biochar at 20 t ha-1 on soybean 

significantly improved organic carbon, total N, available P, and available K in the soil. 

Application of biochar with goat manure in okra was found to enhance total N, available 

P and K compared with the control plots (Acharya et al., 2022). Oluleye et al. (2023) 

found that the combined application of cocoa pod husk biochar at 5 t ha⁻¹ and NPK 

fertiliser on okra resulted in increased available N by 75 per cent, P by 6 per cent, and 

K by 161 per cent compared to chemical fertilisation alone. The application of biochar 

from different feedstocks, viz., rice husk, bamboo, ashoka leaf, coconut husk and 

sawdust on okra had improved soil properties such as soil N, P and K content (Gairhe 

et al., 2024). According to Vikram (2024), the application of tender coconut husk 

biochar with FYM and full nutrition on okra had increased the available N in soil, with 

no significant effects on available P and available K.  

2.1.6 Effect of Biochar on Microbial Population 

Sun et al. (2013) reported an increased microbial abundance with an elevated 

number of bacteria, fungi and actinomycetes in soil supplemented with corncob biochar. 

Similarly, the application of biochar derived from Lantana camara on maize resulted in 

an increased soil microbial biomass by 27.9 per cent (Masto et al., 2013).  An enhanced 

population of soil bacteria was also found in soil supplemented with wheat straw 

biochar (Anwar et al., 2021). Gao et al. (2021) found that the application of rice straw 

biochar showed no significant changes in the abundance and diversity of soil bacteria, 

while the abundance of soil fungi increased with biochar application. In contrast, 

biochar amendment mixed with nitrogen fertiliser on rice has been shown to promote 

soil beneficial bacterial groups, including Acidobacteria, Actinobacteria, 

Proteobacteria, Verrucomicrobia, Bacteroidetes, Gemmatimonadetes, and 

Planctomycetes, while decreasing the relative abundance of major fungal phyla such as 

Ascomycota, Basidiomycota, Chytridiomycota, and Rozellomycota (Ali et al., 2022).  

2.2 EFFECT OF Bacillus pumilus ON CROP AND SOIL 

Bacillus pumilus is a spore forming bacterium known for its strong resistance to 

environmental stresses such as drought, low nutrient availability, irradiation, and 

oxidative stress (Nicholson et al., 2000). It produces several gibberellins (Joo et al., 
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2005), which promote plant growth, especially when used along with nitrogen fertilisers 

(Win et al., 2018). Due to its resilience and ability to inhabit diverse environments, B. 

pumilus is considered a promising plant growth-promoting bacterium and an alternative 

to commercial fertilisers (Dobrzynski et al., 2022).  

2.2.1 Effect of Bacillus pumilus on Growth Attributes 

Application of Bacillus pumilus through seed treatment had consistently led to 

enhanced plant growth in several crops. In lentil, B. pumilus inoculation led to an 

increase in plant height and biomass (Siddiqui et al., 2007). Soybean seeds treated with 

the B. pumilus Rs3 exhibited an increased plant height by 16 per cent, number of leaves 

by 21 per cent, and leaf area by 59 per cent relative to the untreated control (Stefan et 

al., 2010). Masood et al. (2020) observed that inoculating tomato seedlings with B. 

pumilus increased plant height by 16 per cent, fresh weight by 27 per cent, dry weight 

by 35 per cent and root biomass. Similarly, Patani et al. (2023) found that tomato seeds 

treated with B. pumilus showed an increase in root length, shoot length, leaf area, shoot 

fresh weight, shoot dry weight, root fresh weight, and root dry weight against untreated 

plants. 

Ngo et al. (2019) reported that inoculation of rice seedlings with B. pumilus 

TUAT1 enhanced plant height, biomass, crown root formation and elongation, which 

might be attributed to enhanced production of auxin. Liu et al. (2020) had also observed 

enhanced root parameters, including increased number, length, surface area, and volume 

in rice treated with B. pumilus. The inoculation of maize seedlings with B. pumilus was 

also found to enhance number of leaves by 42 per cent, leaf and root length by 40 per 

cent, shoot length by 39 per cent and plant fresh weight by 34 per cent over control 

plants (Shahzad et al., 2021).  

2.2.2 Effect of Bacillus pumilus on Yield Attributes 

The inoculation of cauliflower seed with B. pumilus along with phosphorus 

fertilisation was found to improve yield attributes such as curd diameter, curd depth and 

curd weight (Dipta et al., 2016). Seed treatment of bell pepper with a PGPR consortium 

comprising Bacillus pumilus and B. subtilis resulted in 379 per cent increase in yield 

compared to the uninoculated control (Kaushal et al., 2019). Katsenios et al. (2021) 
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opined that tomato plants inoculated with Bacillus pumilus exhibited increased mean 

fruit weight and total yield per plant by 27 per cent compared to the untreated control. 

Umamaheswari et al. (2022) opined that seed treatment of okra with Bacillus pumilus 

(IIHR Bp-2), along with the application of FYM enriched with the same strain, 

significantly increased yield (28.22 t ha-1) compared to the control (21.57 t ha-1).  

2.2.3 Effect of Bacillus pumilus on Quality Parameters 

Stefan et al. (2010) reported that soybean plants treated with B. pumilus Rs3 

produced beans containing 66 per cent more soluble protein compared to uninoculated 

controls. The application of a bacterial consortium consisting of Bacillus pumilus had 

significantly enhanced the nutritional composition of amaranth grains, such as an 

increase in crude protein, crude fibre, dry matter, fat, and carbohydrate content (Pandey 

et al., 2018).  

2.2.4 Effect of Bacillus pumilus on Uptake of N, P, and K 

In rice, root colonisation by B. pumilus was found to enhance phosphorus 

absorption (Liu et al., 2020). B. pumilus inoculation was found to improve the N uptake 

in tomato (Masood et al., 2020) and K uptake in wheat (Nawaz et al., 2020). Similar 

findings have also been documented in maize, where B. pumilus inoculation enhanced 

the protein content and potassium levels compared to the control (Shahzad et al., 2021). 

Patani et al. (2023) also found that tomato seeds treated with B. pumilus showed higher 

leaf K and P concentrations, which might be due to nutrient solubilization by bacteria. 

2.2.5 Effect of Bacillus pumilus on Soil Parameters  

Dipta et al. (2016) reported that seed treatment of cauliflower with B. pumilus 

increased available N by 21.5 per cent, P by 55 per cent and K by 26.4 per cent. 

However, no significant effects were observed in soil pH, EC, or organic carbon. In 

contrast, Win et al. (2020) observed that the use of B. pumilus TUAT-1 in forage rice 

cultivation resulted in decreased total C, exchangeable K and available P relative to the 

untreated control. Kumar et al. (2021) opined that inoculation of soil with B. pumilus 

JPVS11 significantly lowered the EC of soil compared to non-inoculated soil, while an 

enhancement was observed in soil OC and essential nutrients such as N, P and K. 
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2.2.6 Effect of Bacillus pumilus on Microbial Population 

Masood et al. (2019) reported that inoculation of rapeseed with B. pumilus had 

resulted in increased soil bacterial populations by four to five times over the untreated 

control. Similarly, Kumar et al. (2021) observed an enhanced population of bacteria, 

fungi, and actinomycetes in soil where rice seedlings were treated with B. pumilus 

JPVS1. Furthermore, the application of B. pumilus T208 was found to effectively 

change the soil bacterial and fungal community structures and improve stability of 

microbial networks in rice cultivated soils (Nan et al., 2025). 

2.3 EFFECT OF Bacillus amyloliquefaciens ON CROP AND SOIL 

Bacillus amyloliquefaciens is a Gram-positive, spore-forming bacterium that 

produces a variety of secondary metabolites (Chen et al., 2009) and enzymes such as 

chitinase, which play important roles in microbial antagonism against pathogens (Niazi 

et al., 2014). It is widely recognised as a potential PGPR capable of thriving under 

stressed environmental conditions, effectively colonising the plant rhizosphere, and 

contributing to biofertilisation and biocontrol applications in agriculture (Luo et al., 

2022). 

2.3.1 Effect of Bacillus amyloliquefaciens on Growth Attributes 

Studies have demonstrated that inoculation with B. amyloliquefaciens 

significantly enhances plant growth parameters across various crops. Qin et al. (2017) 

reported that inoculation with B. amyloliquefaciens enhanced growth parameters such 

as leaf area, shoot length, and fresh weight in cucumber seedlings, while Jamal et al. 

(2018) observed significant improvement in plant biomass, plant height, and number of 

flowers per plant in pepper following the applications of the same species. Enhanced 

growth attributes due to B. amyloliquefaciens is reported in tomato (Samaras et al., 

2018; Abdallah et al., 2018). 

Sheteiwy et al. (2021) reported that inoculation of soybean with B. 

amyloliquefaciens exhibited enhanced plant height by 22.53 per cent, leaf area by 14.89 

per cent, and fresh weight by 49.76 per cent against control. Similarly, Athira et al. 

(2021) observed increased plant height and branching in chilli following seed 

biopriming and foliar application of B. amyloliquefaciens. Application of 
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bioformulations containing B. amyloliquefaciens and B. velezensis also improved plant 

height, number of leaves per plant, and leaf area of okra (Alexis et al., 2021). Likewise, 

B. amyloliquefaciens inoculation (with 10% concentration) in cucumber has shown a 

significant increase in biomass, plant height and root length (Ma et al., 2022). 

2.3.2 Effect of Bacillus amyloliquefaciens on Yield Attributes 

Gul et al. (2008) opined that the application of B. amyloliquefaciens increased 

tomato yield by 8-9 per cent, with treated plants producing heavier fruits and a greater 

number of fruits compared to control. Similarly, Sheteiwy et al. (2021) also observed 

that soybean seeds inoculated with B. amyloliquefaciens showed improved yield 

attributes, with pod number and 100-seed weight increasing by 35.15 per cent and 16.94 

per cent, respectively. Seed biopriming and foliar application of B. amyloliquefaciens 

were found to enhance fruit numbers and yield than in chilli (Athira et al., 2021). Alexis 

et al. (2021) reported that bioformulations enriched with B. amyloliquefaciens and B. 

velezensis significantly increased fruit length, fruit weight (by 48%), and yield (by 94%) 

of okra compared to untreated controls. Similarly, Sabate and Brandan (2022) also 

reported that seed inoculation with B. amyloliquefaciens B14 had enhanced common 

bean yield by 18 per cent, with improved yield attributes such as pod number and seeds 

per pod. 

2.3.3 Effect of Bacillus amyloliquefaciens on Quality Parameters 

Qu et al. (2016) observed significantly higher vitamin C content in pears 

following the postharvest treatment with B. amyloliquefaciens. Rahman et al. (2018) 

reported that inoculation of strawberry plants with B. amyloliquefaciens BChi1 

significantly enhanced antioxidant activity, increasing total anthocyanin, carotenoid, 

flavonoid, and phenolic contents compared to the control. Similarly, B. 

amyloliquefaciens inoculation in bell pepper increased vitamin C content (Cisternas-

Jamet et al., 2020), while soil application of the same species in tomato enhanced 

lycopene content and antioxidant activity with improving fruit quality and nutritional 

value (Katsenios et al., 2021). In okra, the combined application of B. amyloliquefaciens 

and B. velezensis also improved nutritional parameters, such as protein and 

carbohydrate content, compared to untreated control (Alexis et al., 2021). 
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2.3.4 Effect of Bacillus amyloliquefaciens on Uptake of N, P, and K 

Vinci et al. (2018) reported that maize seeds inoculated with B. amyloliquefaciens 

and phosphorus fertilisers showed higher N and P concentrations and uptake compared 

to uninoculated control. Zafar-ul-Hye et al. (2019) found that seed inoculation with B. 

amyloliquefaciens combined with biochar (30 t ha-1) significantly increased N, P. and K 

concentrations in wheat grain and shoots. Sheteiwy et al. (2021) also observed that 

inoculation soybean with B. amyloliquefaciens enhanced P content by 14.90 per cent 

and K content by 11.31 per cent in leaves. 

2.3.5 Effect of Bacillus amyloliquefaciens on Soil Parameters 

Qin et al. (2017) observed that the inoculation of B. amyloliquefaciens L-S60 on 

cucumber seedlings could significantly improve the amount of available N, P, and K 

compared to the control. Jamal et al. (2018) further demonstrated that soil inoculation 

with B. amyloliquefaciens Y1 in combination with chemical fertiliser enhanced soil EC, 

total organic matter, total N, and available P, while decreasing soil pH and CEC. In 

another study, Sabate and Brandan (2022) found that inoculation of common bean seeds 

with B. amyloliquefaciens B14 significantly improved soil EC by 53 per cent, OC by 

93 per cent, total N by 80 per cent and extractable P by 10 per cent compared to the 

control. 

2.3.6 Effect of Bacillus amyloliquefaciens on Microbial Population   

Qin et al. (2017) observed that B. amyloliquefaciens L-S60 modified the structure 

of the bacterial community in the cucumber rhizosphere, promoting beneficial species 

associated with improved mineral availability and enhanced seedling growth. Similarly, 

Jamal et al. (2018) found that soil inoculation with B. amyloliquefaciens Y1 increased 

the total bacterial population, including chitinase-producing and thermophilic bacteria, 

along with higher B. amyloliquefaciens counts. Sabate and Brandan (2022) opined that 

inoculation of soil with B. amyloliquefaciens B14 had significantly enhanced 

populations of Gliocladium spp. (by 33%), Trichoderma spp. (by 42%), actinomycetes 

(by 63%), and Pseudomonas spp. (by 58%) compared to the untreated control, and also 

enhanced bacterial and fungal gene abundance, indicating a positive shift in microbial 

community structure. 
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2.4 EFFECT OF Bacillus velezensis ON CROP AND SOIL 

 Bacillus velezensis is a Gram-positive, endospore-forming, aerobic bacterium 

characterised by its high enzyme-producing capacity, high stress resistance, diverse 

secondary metabolites, with broad-spectrum antibacterial action, and notable efficacy 

against pathogens. It can promote plant growth and suppress pathogenic infections 

under both abiotic and biotic stress conditions. Owing to these characteristics, B. 

velezensis is extensively used in agriculture and holds significant practical value (Zhong 

et al., 2024).   

2.4.1 Effect of Bacillus velezensis on Growth Attributes 

Chen et al. (2019) reported that B. velezensis LDO2 promoted peanut growth by 

increasing plant height, root length, and seedling dry weight. Similarly, Dhouib et al. 

(2019) observed that soil drenching of tomato plants with B. velezensis C2 had 

significantly enhanced height of plant and the number of leaves per plant compared to 

untreated controls. Medeiros and Bettiol (2021) further observed that coating tomato 

seeds with B. velezensis AP-3 markedly improved growth parameters, such as plant 

height, stem diameter, and aboveground dry weight (by 114%) and root dry weight (by 

163%) compared to the control plants.  

Hasan et al. (2022) reported that root drenching of cotton plants with B. velezensis 

HNH9 resulted in an increased shoot fresh weight and dry weight (by 84.45% and 

66.21% respectively), root fresh weight by 49.73 per cent, and root dry weight by 61.9 

per cent. Similarly, Wang et al. (2022a) opined that cucumber seedlings treated with B. 

velezensis SX13 showed notable improvements in shoot length (by 57.08%), leaf area 

(by 26.54%) and dry matter accumulation, along with enhanced root volume, surface 

area and root length. Li et al. (2024b) also observed that inoculation of vermiculite-

based growing media with B. velezensis YXDHD1-7 significantly enhanced tomato 

growth attributes, plant height by 26.21 per cent, root surface area by 152.65 per cent, 

and total root length by 194.45 per cent over the control. 

2.4.2 Effect of Bacillus velezensis on Yield Attributes 

 Balderas-Ruíz et al. (2021) reported that application of B. velezensis 83 

significantly enhanced tomato productivity, with treated plants producing more yield 
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(4.5 kg per plant) and fruits per plant (79) compared to control (3.3 kg per plant and 63 

fruits, respectively). Similarly, Wang et al. (2022a) opined that cucumber seedlings 

treated with B. velezensis SX13 showed yield increases of 25.96 to 35.89 per cent over 

untreated plants. Chen et al. (2022) also observed that root irrigation of grape plants 

with B. velezensis GUMT319 improved yield parameters, such as increased size, 

firmness, and higher 100-fruit weight than the control. Similar reports on increased 

berry yield per plant were also observed in strawberry with the application of B. 

velezensis (Chebotar et al., 2022; Hong et al., 2022). Lv et al. (2025) found that 

application of microbial fertiliser enriched with B. velezensis (30 kg ha-1) on soybean 

improved 100-grain weight by 9.05 per cent, individual grain weight by 13 per cent and 

individual pod weight by 7.05 per cent, with an overall yield increase by 13.84 per cent. 

2.4.3 Effect of Bacillus velezensis on Quality Parameters 

Ilmiah et al. (2021) found that applying goat manure along with B. velezensis B-

27 to snake fruit (Salacca zalacca) produced the highest antioxidant activity and 

increased flavonoid and total phenolic contents. Similarly, Wang et al. (2022a) reported 

that B. velezensis SX13 treatment in cucumber seedlings had significantly improved 

fruit quality, with higher levels of vitamin C, organic acids, free amino acids, reducing 

sugars, soluble proteins, and soluble sugars compared to the control. Chen et al. (2022) 

also observed that root irrigation of grape plants with B. velezensis GUMT319 enhanced 

fruit quality, resulting in a higher sugar: acid ratio and vitamin C content than in 

untreated plants. 

2.4.4 Effect of Bacillus velezensis on Uptake of N, P, and K  

Choub et al. (2021) reported that application of B. velezensis CE100 culture broth 

on walnut trees significantly enhanced N uptake by 32 per cent and P uptake by 36 per 

cent compared to the control. The treatment of quinoa seeds with B. velezensis QA2 

improved plant P uptake by 41.17 per cent compared to the untreated control (Mahdi et 

al., 2022). Enhanced N uptake and accumulation in rice was also observed by Chen et 

al. (2024) due to the inoculation of B. velezensis SQR9 VCs. Cheng et al. (2025) also 

observed increased N content in soybean with the application of Bacillus velezensis 

20507. 
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2.4.5 Effect of Bacillus velezensis on Soil Parameters 

Lu et al. (2020) reported that treatment of Chinese cabbage with B. velezensis S3-

1 reduced total N, C, and P contents in the soil. Similarly, Chen et al. (2022) opined that 

root irrigation of grape plants with B. velezensis GUMT319 modified soil 

physicochemical parameters, such as increased soil pH and decreased N and available 

K levels compared to the control. Shi et al. (2022) also demonstrated that inoculation 

of peach trees with B. velezensis YH-20 significantly enhanced available N by 22.42 

per cent, P by 36.28 per cent, while decreasing soil pH. Ma et al. (2025) reported that 

application of B. velezensis SQR9 amended biofertiliser on pear trees significantly 

increased soil OC by 10.9 per cent and available P by 1.4 times compared to the control, 

along with enhanced levels of N and available K. Inoculation of cucumber plants with 

B. velezensis GHt-q6 was found to enhance available P by 16 per cent, available K by 

48 per cent and organic matter by 33 per cent over the control (Liu et al., 2025). Le et 

al. (2025) further demonstrated that supplementation of coral sand soil with B. 

velezensis TSD5 had significantly improved soil aggregation and water retention 

capacity.  

2.4.6 Effect of Bacillus velezensis on Microbial Population 

Shi et al. (2022) observed that inoculation of peach trees with B. velezensis YH-

20 resulted in significant modification in the soil microbial community compared to the 

control which were not inoculated. Ma et al. (2025) also observed that the application 

of a B. velezensis SQR9 enriched biofertiliser on pear trees activated beneficial 

rhizosphere bacteria such as Streptomyces, Mycobacterium, and Ureibacillus, which 

likely contributed to higher soil organic matter, while no significant changes were 

recorded in the rhizosphere fungal community. Liu et al. (2025) also reported that 

cucumber plants irrigated with B. velezensis GHt-q6 (10⁸ CFU mL-1) significantly 

increased bacterial populations in the rhizosphere but reduced actinomycete and fungal 

counts compared to the control.  
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2.5 EFFECT OF BIOCHAR AND PGPR ON SEQUENTIAL CROP 

The biochar application generally increases crop yields and improves soil 

quality in sequential cropping systems. Frimpong et al. (2021) reported that the one-

time application of corn cob biochar at 10 t ha-1, along with NPK fertilisers in a maize-

okra-cassava sequence, resulted in higher maize and okra yields and lower cassava 

yields compared to the control. A study by Nimbalkar et al. (2023) revealed that in a 

soybean-wheat cropping sequence, the one-time application of biochar at 10 t ha-1, 

along with 75 per cent of full nutrients for both crops, produced higher grain yields for 

both crops compared to those obtained with the full RDF. The BCR was also found to 

be higher for this treatment at 2.32. Wijitkosum et al. (2025) examined the effects of a 

one-time application of cassava stem biochar in maize over five successive cropping 

cycles. Their findings revealed increases in kernel biomass, soil CEC, organic matter, 

and total N and available P up to the second crop, followed by a decline from the third 

cycle onward.  

 Trabelsi et al. (2012) reported that in a bean-potato cropping sequence, the 

inoculation of common bean with PGPR significantly enhanced the yield of potato 

compared to the uninoculated control.  

2.6 EFFECT OF BIOCHAR AND PGPR ON ECONOMICS OF CULTIVATION 

 Application of biochar derived from tender coconut husk (20 t ha-1) along with 

PGPR and NPK fertiliser on yard long bean recorded a higher BC ratio of 1.56, which 

can be considered as the economically viable treatment (Dainy, 2015). Nagula (2017) 

recorded a higher BCR of 2.38 and net returns of ₹ 6,89,336 ha-1 when banana plants 

were supplemented with biochar (10 kg plant-1), combined with 75 per cent of the soil 

test-based fertiliser recommendation. Similarly, Jabin (2022) recorded a higher net 

income of ₹ 8,48,667 ha-1 with a BCR of 1.88 for ginger, which was provided with 

coconut frond biochar along with NPK fertilisers. The partial budget analysis for okra 

by Oluleye et al. (2023) revealed that the application of cocoa pod husk resulted in a 

higher marginal rate of return, which indicated the economic advantage of adding 

biochar to mineral fertiliser in okra production. Vikram (2024) also reported higher net 
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return (₹ 1,54,292 ha-1) and BCR (1.78) for okra production with the incorporation of 

tender coconut husk biochar. 

Umamaheswari et al. (2022) reported higher BCR of 1.93 in okra that were treated 

with Bacillus pumilus and FYM enriched with the same strain. Zhang et al. (2023) 

reported that the co-application of PGPR and biochar increased net income from dry 

pepper by 9.77-41.58 per cent in the first year and 11.20-21.43 per cent in the second 

year. 
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3. MATERIALS AND METHODS 

The study entitled ‘Seed bacterization and biochar amendment for okra-

amaranthus cropping sequence in Onattukara Sandy Plains’ was carried out at the 

Department of Agronomy, College of Agriculture, Vellayani, Thiruvananthapuram and 

Onattukara Regional Agricultural Research Station (ORARS), Kayamkulam, during the 

year 2023-2025. The objective of the experiment was to assess the effect of seed 

bacterization and biochar amendment on the growth and yield of okra and to analyse 

the residual effect of treatments on the sequential crop of amaranthus in Onattukara. In 

the first part of the study, bacterized okra seeds were raised in soils amended with 

biochar and growth and yield of okra were assessed. In the second part of the study, the 

residual effect of treatments were studied on the sequential crop of amaranthus. The 

materials used and the methods followed for the conduct of research work are described 

in this chapter. 

3.1 SITE OF EXPERIMENTAL FIELD 

The field experiment was conducted in the wetlands of the Instructional Farm 

attached to Onattukara Regional Agricultural Research Station, Kayamkulam, Kerala. 

The experimental area is situated at 9.177°N latitude and 76.517°E longitude, and an 

altitude of 3.05.m above mean sea level. The geographic location is given in Plate 1.  

3.1.1 Soil 

The soil in the experimental site was coarse-textured and loamy sand in nature, 

belonging to the taxonomic family of Loamy Skeletal Kaolinitic Isohyperthermic Ustic 

Quartzipsamments. The important physico-chemical properties of the soil and methods 

adopted for analysis are presented in Table 1a and Table 1b. Rating was given as per the 

Package of Practices Recommendations of Kerala Agricultural University (KAU, 

2024). 
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Table 1a. Mechanical composition of soil of the experimental site 

Fraction Content in soil (%) Method 

Sand 85.65 
Bouyoucos Hydrometer 

method (Bouyoucos, 

1962) 

Silt 5.03 

Clay 9.32 

Textural class Loamy sand 

 

Table 1b. Chemical and biological properties of soil before the experiment  

Parameters Content Rating Methods 

Water holding 

capacity (%) 
32.61 - 

Keen-Raczkowski box method 

(Piper, 1966) 

Soil reaction 

(pH) 
5.96 

Moderately 

acid 

pH meter (1:2.5 soil water ratio) 

(Jackson, 1973) 

EC (dS m-1) 0.15 Normal 
Conductivity meter (1:2.5 soil water 

ratio) (Jackson, 1973) 

CEC  

(cmol (+) kg-1) 
2.44 - 

Ammonium saturation using neutral 

normal ammonium acetate and 

distillation (Jackson, 1973) 

Organic 

carbon (%) 
0.62 Medium 

Walkley and Black rapid titration 

method (Jackson, 1973) 

Available N 

(kg ha-1) 
267.61 Low 

Alkaline permanganate method 

(Subbiah and Asija, 1956) 

Available P 

(kg ha-1) 
78.03 High 

Bray colorimetric method 

(Jackson, 1973) 

Available K 

(kg ha-1) 
208.80 Medium 

Neutral normal ammonium acetate 

extraction and estimation using 

flame photometry (Jackson, 1973) 

Bacteria (log CFU g-1 soil) 7.21 

Serial dilution and plating on 

nutrient Agar medium 

(Atlas and Parks, 1993) 

Fungi (log CFU g-1 soil) 4.78 

Serial dilution and plating on 

Martin’s Rose Bengal Agar medium 

(Martin, 1950) 

Actinomycetes (log CFU g-1 

soil) 
 5.87 

Serial dilution and plating on Ken 

Knight’s Agar medium 

(Cappuccino and Sherman, 1996) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 1. Geographic location of the experimental field 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Weather data during the crop season from January – May 2025 
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3.1.2 Climate and Season 

The field experiment was conducted during January to May 2025. The Onattukara 

region generally experiences a tropical humid climate. The monthly data of weather 

parameters viz. rainfall, maximum temperature and minimum temperature during the 

cropping period were collected from the Meteorological Observatory stationed at 

ORARS, Kayamkulam, Kerala. The data is presented in Fig. 1 and Appendix I.  

3.1.3 Cropping History of the Field 

The experimental area was an open wetland that was previously cropped with rice 

var. Bhagya. 

3.2 MATERIALS 

3.2.1 Experiment I: Seed Bacterization and Biochar Amendment on Growth and 

Yield of Okra 

The experiment was carried out to assess the effect of seed bacterization and 

biochar amendment on the growth and yield of okra in Onattukara. 

3.2.1.1 Bacterial Isolates 

Bacterial isolates of Bacillus pumilus VLY 17, Bacillus amyloliquefaciens VLY 

24, and Bacillus velezensis PCSE 10 were obtained from the Department of Agricultural 

Microbiology, College of Agriculture, Vellayani and were tested for their impact on the 

growth and yield of okra.  

3.2.1.2 Crop and Variety 

The crop used for the field experiment was okra. Okra var. Varsha Uphar was used 

as the first crop. Varsha Uphar, a high yielding and yellow vein mosaic resistant variety 

of okra, which was derived from the cross of Lam selection x Parbhani Kranti. The 

seeds were purchased from Instructional Farm, ORARS, Kayamkulam.  

3.2.1.3 Biochar 

The tender coconut husk biochar used in the experiment was prepared at ORARS, 

Kayamkulam, as per the procedure mentioned under ‘methods’ in this chapter. 
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3.2.1.4 Manures and Fertilisers  

The manure that was used in the experiment was farmyard manure (FYM).  

The recommended dose of N, P and K were supplied as urea (46% N), rajphos (20%  

P2O5) and muriate of potash (60% K2O). 

3.2.2 Experiment II: Assessing the Residual Effect of Seed Bacterization and 

Biochar Amendment on Growth and Yield of Amaranthus 

The residual effect of seed bacterization and biochar amendment applied to okra 

was assessed by raising a bulk crop of amaranthus. 

3.2.2.1 Crop and Variety 

For sequentially cropped amaranthus, the var. KAU Vaika was used. KAU Vaika, 

released from College of Agriculture Vellayani, Kerala, is a high yielding (35 t ha-1) 

multi-cut late flowering amaranthus variety with a long vegetative growth period and 

has red-coloured stems and leaves. The seeds of KAU Vaika were purchased from the 

Department of Vegetable Science, College of Agriculture, Vellayani, Kerala. 

3.2.2.2 Manures and Fertilisers  

For sequentially cropped amaranthus, no fertilisers were applied.  

3.3 METHODS  

3.3.1 Experiment I: Seed Bacterization and Biochar Amendment on Growth and 

Yield of Okra 

3.3.1.1 Experimental Design and Layout for Okra 

The experiment for assessing the effect of seed bacterization and biochar 

amendment on the growth and yield of okra was laid out in Randomized Block Design 

(RBD). The layout of the experimental field is given in Fig. 2. The details of the 

experiment are given below. 

Design  : RBD 

Treatments  : 8 

Replications : 3 
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Fig. 2 Layout of the experimental field 
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Total no. of plots : 24 

Plot size  : 3 m x 3 m 

Spacing  : 60 cm x 30 cm 

3.3.1.2 Details of Treatments 

T1 – FYM 20 t ha-1 + 100% RDN (KAU POP) 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 100% RDN 

T3 – T1 + Seed treatment with Bacillus pumilus VLY 17 

T4 – T1 + Seed treatment with Bacillus amyloliquefaciens VLY 24 

T5 – T1 + Seed treatment with Bacillus velezensis PCSE 10 

T6 – T2 + Seed treatment with Bacillus pumilus VLY 17 

T7 – T2 + Seed treatment with Bacillus amyloliquefaciens VLY 24 

T8 – T2 + Seed treatment with Bacillus velezensis PCSE 10 

The seeds were treated as per the procedure mentioned in 3.3.3.2. 

3.3.2 Experiment II: Assessing the Residual Effect of Seed Bacterization and 

Biochar Amendment on Growth and Yield of Amaranthus 

3.3.2.1 Layout for Sequentially Cropped Amaranthus 

 Following the harvest of okra, the experimental plots were used for raising a bulk 

crop of amaranthus (var. KAU Vaika). 

3.3.3 Details of Cultivation for Okra 

3.3.3.1 Preparation of Experimental Field  

The experimental area was periodically cropped with rice. After the harvest of 

rice, a primary tillage was done, and the main field was cleared of weeds. The stubbles 

were removed, and the clods in the soil were broken down. Lime at 1 t ha-1 was 

uniformly added in the experimental site and incorporated into the soil along with 

secondary tillage. The whole experimental area was divided into 24 plots as per the 

design, each having a plot size of 3 m x 3 m (Plate 2). 
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3.3.3.2 Seed Bacterization 

Each of the endospore-forming endophytic bacterial isolates was heavily cross 

streaked on nutrient agar plates and incubated for 48 h at room temperature. The 

bacterial suspension was obtained by drenching the culture plates with 10 mL sterile 

distilled water under aseptic conditions (Anith et al., 2003). The seeds of okra were 

surface sterilised using one per cent aqueous solution of sodium hypochlorite for three 

minutes. They were then washed three times with sterile distilled water to remove 

remaining sodium hypochlorite. Then the seeds were blot dried with sterile tissue paper. 

The surface sterilised seeds were sprayed with the respective bacterial suspension using 

sterile spray bottles and were kept overnight for drying. These bacterized seeds were 

then packed and sown immediately in the field.   

3.3.3.3 Preparation of Biochar 

Tender coconut husks were collected from local markets from Onattukara region 

and were sun dried to reduce the moisture content. A customised kiln (having internal 

dimensions of 1.4 m x 1.5 m x 0.75 m) was used for controlled pyrolysis. The biochar 

produced was crushed manually and incorporated into the soil as per the treatments 

during land preparation.  

3.3.3.4 Seeds and Sowing  

The bacterized seeds of okra, as per treatments, were sown directly in the main 

field in lines at a spacing of 60 cm x 30 cm. 

3.3.3.5 Application of Manures and Fertilisers 

Well decomposed FYM, along with biochar, were applied as per treatments in the 

plots during land preparation (Plate 3). The RDN for okra were applied at 110:35:70 kg 

N:P2O5:K2O ha-1 (KAU, 2024). The fertilisers were given in split doses as half N, full 

P, full K (as basal) and the remaining half of the N as top dressing at 30 DAS. 

3.3.3.6 Irrigation 

At the initial stages of growth, sufficient moisture was ensured for germination. 

The crops were irrigated as and when required till harvest. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 2. Preparation of the experimental field 

Plate 3. Incorporation of FYM and biochar 

Plate 4. Intercultural operation in okra 
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3.3.3.7 After Cultivation  

After sowing, a uniform population was maintained in all plots by gap filling in 

okra and thinning in amaranthus. Intercultural operations like weeding and earthing up 

for okra were done at 15 DAS and 30 DAS (Plate 4). 

3.3.3.8 Harvest  

Okra was ready for harvest on the 56th day after sowing. A total of nine harvests 

were taken as and when required.  

3.3.4 Details of Cultivation for Amaranthus 

3.3.4.1 Preparation of Experimental Field  

After the harvest of okra, the plants were uprooted, stubbles were cleared and the 

plots were made ready for sowing amaranthus (Plate 6).  

3.3.4.2 Seeds and Sowing  

The seeds of amaranthus were broadcasted as per treatments and were raised as a 

sequential crop. 

3.3.4.3 Application of Manures and Fertilisers 

The sequential crop of amaranthus was raised without any manuring. 

3.3.4.4 Irrigation 

Adequate soil moisture was maintained during the initial growth stages to ensure 

germination, and subsequent irrigations were provided as required throughout the crop 

growth period until harvest. 

3.3.4.5 After Cultivation  

For amaranthus, one weeding was done at 30 days after sowing. 

3.3.4.6 Harvest  

The sequentially cropped amaranthus was harvested at 40 DAS. 
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3.4 BIOMETRIC OBSERVATIONS   

The outer row of each plot was left out as a border row. From the net plot, five 

plants were selected at random and were tagged as observational plants. 

3.4.1 Observations in Okra 

3.4.1.1 Growth and Growth Attributes 

The growth characters viz., plant height and number of leaves per plant, were 

recorded from five observational plants from each plot at monthly intervals up to 

harvest. The root depth and root volume were calculated at harvest. 

3.4.1.1.1 Plant Height 

The height of the plant was measured from the ground level (base of the plant) to 

the terminal bud (tip of the growing point) at monthly intervals. The average was 

calculated and expressed in cm. 

3.4.1.1.2 Number of Leaves per Plant 

The number of functional leaves of observational plants were counted at monthly 

intervals, and the average was calculated. 

3.4.1.1.3 Leaf Area Index (LAI) 

The leaf area of okra was measured at monthly intervals till harvest. The linear 

method was used for finding the leaf area, and the value was expressed in cm2.  

Leaf area = L x B x K x n 

Where L and B are the length and breadth of the leaf in cm, K is the constant value 

(0.62) (Musa and Usman, 2016), and n is the number of leaves per plant. LAI was 

calculated using the formula given below (Watson, 1947). 

 

LAI =  

 

 

Leaf area of plant (cm2) 

Land area occupied by plant (cm2) 

 



 

Plate 5. General view of okra field 

Plate 6. Land preparation for sequential crop of amaranthus 

Plate 7. General view of sequential crop of amaranthus 
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3.4.1.4 Relative Growth Rate  

 Plant dry weights from five observational plants were recorded at 15 days 

intervals between 30-45 DAS, 45-60 DAS and 60-75 DAS and were used to calculate 

RGR using the formula given by Evans (1972). 

 

RGR=  

Where W1 and W2 are dry weights (g) of plants at time T1 and T2 (days), respectively. 

The values are expressed as g g-1 d-1. 

3.4.1.5 Crop Growth Rate 

 Plant dry weights were recorded at 15 days intervals between 30-45 DAS, 45-60 

DAS and 60-75 DAS by uprooting five observational plants and oven drying at 70 oC. 

CGR was calculated using the following formula given by Watson (1958). 

CGR =  

Where W1and W2 are dry weights of plants at time T1 and T2, respectively. S is the land 

area in m2. The values are expressed as g m-2 d-1. 

3.4.1.1.6 Root Depth  

At final harvest, the observational plants were dug out using a spade without 

breaking the roots and washed carefully with water to remove adhering soil. The root 

depth was measured as the length of the taproot from the base of the plant to the tip of 

the root from the observational plants, and its mean was calculated and expressed in cm.   

3.4.1.1.7 Root Volume    

 Root volume was measured by the method suggested by Musick et al. (1965). The 

roots were immersed in a measuring cylinder containing a known volume of water. The 

increase in the volume of water was calculated and expressed in cm3. 

 

loge W2- logeW1 

T2-T1 

 

W2-W1 

(T2-T1) x S 
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3.4.1.2 Yield and Yield Attributes  

3.4.1.2.1 Days to 50 per cent Flowering 

Days to 50 per cent flowering were recorded by counting the number of days from 

sowing to 50 per cent flowering in each plot, and the mean was calculated. 

3.4.1.2.2 Number of Fruits per Plant 

 Fruits obtained from each observational plant at different harvest were counted, 

and the average was worked out. 

3.4.1.2.3 Length of Fruits 

 The fruits obtained from five observational plants of all treatments (after each 

harvest) were used to find out the length of the fruits. Fruit length was measured from 

the tip of the fruit to the stalk end, and the mean was calculated and expressed in cm. 

3.4.1.2.4 Girth of Fruit 

 The fruits obtained from five observational plants of all treatments (after each 

harvest) were used to find out the girth of the fruits. The girth (diameter) of the fruits 

were measured at the midpoint using a scale and thread. The average girth was then 

calculated and expressed in cm. 

3.4.1.2.5 Individual Fruit Weight 

 The fruits obtained from five observational plants of all treatments (after each 

harvest) were used to find out the weight of the fruits. The weights were measured, and 

the average was then worked out and expressed in g. 

3.4.1.2.6 Fruit Yield per Plant 

 The weight of fruits harvested from each observational plants were recorded after 

each harvest. After the final harvest, the total weight of the fruits obtained from the 

observational plants of each plot was worked out, averaged and expressed in g. 
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3.4.1.2.7 Fruit Yield per Hectare 

 Fruit weight from each harvest from the net plot area was recorded and pooled to 

compute yield in terms of kg per plot, and was converted into t ha-1. 

3.4.1.2.8 Harvest Index 

 The harvest index was assessed using the formula proposed by Donald and 

Hamblin (1976). 

 

HI =  

3.4.2 Observations in Amaranthus 

3.4.2.1 Yield per Plant  

 Amaranthus was harvested at 40 DAS. The yield obtained from each 

observational plant was recorded, and the average yield was then worked out and 

expressed in g. 

3.4.2.2 Yield per Hectare  

The fresh weight of amaranthus from the net plot area was recorded and pooled 

to compute yield in terms of kg plot-1, and was converted into t ha-1. 

3.5 QUALITY PARAMETERS OF OKRA FRUIT  

3.5.1 Vitamin C 

The vitamin C content of the fruits was estimated as per the volumetric method 

proposed by Sadasivam and Manickam (1996), and it was expressed in mg per 100 g 

fresh weight.  

3.5.2 Crude Fibre  

The crude fibre content of the fruits was determined as per the method suggested 

by Sadasivam and Manickam (1996) and expressed in percentage.  

 

Economic yield 

Biological yield 
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3.6 MICROBIAL ANALYSIS OF SOIL 

The total count of bacteria, fungi, and actinomycetes (log CFU g-1 soil) in the soil 

samples were determined by serial dilution and plating on specific media. Bacteria were 

grown in nutrient Agar medium (Atlas and Parks, 1993), fungi in Martin’s Rose Bengal 

Agar (Martin, 1950), and actinomycetes in Ken Knight’s Agar medium (Cappuccino 

and Sherman, 1996).  

3.7 CHEMICAL ANALYSIS 

3.7.1 Plant Analysis 

The observational plants from each plot of okra and amaranthus were collected 

separately, chopped, sun dried, and oven dried to a constant weight. Samples were 

crushed and powdered to pass through a 0.5 mm mesh, and 0.2 g samples were taken, 

digested, and the nutrient content was estimated as per standard procedures (Table 2). 

For okra, fruits and haulm were separately analysed. 

 

Nutrient uptake by crop (kg ha -1) =  

Table 2. Methods of plant analysis 

Parameters Method 

N Modified micro Kjeldahl method (Jackson, 1973) 

P 
Nitric-perchloric acid digestion (9:4) and Vanadomolybdo-phosphoric 

yellow colour method using a spectrophotometer (Jackson, 1973) 

K 
Nitric-perchloric acid digestion (9:4) and flame photometry method 

(Jackson, 1973) 

 

3.7.2 Soil Analysis 

The composite soil samples from the field before the start of the experiment and  

soil samples from each plot after the harvest of okra and sequentially  

cropped amaranthus were collected. The samples were cleaned off stubbles and  

Nutrient content (%) x Dry matter (kg ha-1) 

100 
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plant debris and air dried. It was then passed through a 2 mm sieve and analysed  

for physicochemical properties (Table 1). For organic carbon estimation, the soil  

samples were passed through a 0.2 mm sieve. 

3.8 OKRA EQUIVALENT YIELD 

The yield of the sequential crop amaranthus was converted into equivalent yield 

of okra based on the price of the produce, and the okra equivalent yield of cropping 

sequence was calculated using the following formula (Reddy and Reddy, 2016). 

 

Okra equivalent yield =   Okra yield + 

 

3.9 ECONOMIC ANALYSIS 

3.9.1 Net Income 

After computing the cost of cultivation and gross income, the net returns obtained 

were found out using the formula: 

Net income (₹ ha-1) = Gross income - Cost of cultivation 

3.9.2 Benefit Cost Ratio (BCR) 

B:C ratio of the treatments was calculated using the formula 

BCR =   

The cost of cultivation and gross income incurred for okra and amaranthus were 

combined and used for computing BCR. 

3.10 STATISTICAL ANALYSIS 

The data were statistically analysed by applying the technique of  

analysis of variance (ANOVA) for Randomised Block Design. The analysis was carried 

out using GRAPES statistical software developed by the Department of Agricultural 

Statistics, College of Agriculture, Vellayani (Gopinath et al., 2020). 

 

Gross income 

Cost of cultivation 

Yield of amaranthus x Price of amaranthus 

 

Price of okra 

 



 

 

 

 

 

 

 

 

 

Results 
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4. RESULTS 

The study entitled ‘Seed bacterization and biochar amendment for okra-

amaranthus cropping sequence in Onattukara Sandy Plains’ was carried out with the 

objectives to assess the effect of seed bacterization and biochar amendment on the 

growth and yield of okra and to analyse the residual effect of treatments on the 

sequential crop of amaranthus in Onattukara. This study was conducted during 2023-

2025.  This chapter presents the findings from the statistically analysed data collected 

during the study. 

4.1 SEED BACTERIZATION AND BIOCHAR AMENDMENT ON THE GROWTH 

AND YIELD OF OKRA 

4.1.1 Growth Attributes 

The growth attributes of okra are depicted in Table 3 and Table 4. 

4.1.1.1 Height of the Plant 

The height of the okra plants were observed at 30 DAS, 60 DAS, and 90 DAS 

(Table 3). At 30 DAS, the treatment T8 resulted in significantly taller plants (20.10 cm) 

and was found to be on a par with treatment T7 (19.87 cm), T4 (19.83), and T2 (18.03 

cm). The treatment T1 recorded significantly shorter plants (15.67 cm). At 60 DAS, the 

treatment T7 recorded significantly taller plants (94.20 cm) and was found to be on a 

par with treatments T8 (87.73 cm) and T3 (84.63 cm). Shorter plants were recorded from 

the treatment T1 (77.63 cm). No significant difference in height was observed at 90 DAS 

for the treatments. 

4.1.1.2 Number of Leaves per Plant 

The effect of treatments on the number of leaves per plant was observed at 30 

DAS, 60 DAS and 90 DAS (Table 3). The number of leaves per plant increased with 

the age of the crop till 60 DAS, and then it was found to decline. However, treatments 

could not produce significant difference in number of leaves per plant at 30 DAS and 

90 DAS. At 60 DAS, the treatment T7 recorded significantly higher number of leaves 

per plant (23.73) and was found to be on a par with the treatments T4 (22.47), T3 (22.27), 
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T8 (22.07), T6 (21.73), and T5 (21.20). The lowest number of leaves per plant were 

recorded from the treatment T1 (16.80).  

4.1.1.3 Leaf Area Index (LAI) 

 The effect of treatments on the leaf area index was observed at 30 DAS, 60 DAS 

and 90 DAS (Table 3). In general, like the number of leaves per plant,.leaf area index 

of the crop also increased with the age of the crop till 60 DAS, which was then found 

to decline till harvest. At 60 DAS, the treatment T7 produced significantly higher leaf 

area index (3.21) compared to T1 (1.96) and was found to be on a par with the treatments 

T4 (2.94), T8 (2.93), T6 (2.89), and T3 (2.86).  

4.1.1.4 Relative Growth Rate (RGR) 

 The RGR was recorded at 15 days intervals between 30-45 DAS, 45-60 DAS, and 

60-75 DAS (Table 4). At 30-45 DAS, significantly higher RGR was observed for the 

treatment T7 (0.100 g g-1 d-1), which was also found on a par with the treatments T5 

(0.093 g g-1 d-1), T8 (0.093 g g-1 d-1), T6 (0.090 g g-1 d-1), and T1 (0.083 g g-1 d-1). At 45-

60 DAS, the relative growth rate was significantly higher in T7 (0.137 g g-1 d-1) and was 

found to be on a par with the treatment T8 (0.120 g g-1 d-1). No significant difference 

due to treatments were observed during 60-75 DAS. 

4.1.1.5 Crop Growth Rate (RGR) 

 The crop growth rate of the plants were also observed at 15 days intervals between 

30-45 DAS, 45-60 DAS, and 60-75 DAS (Table 4). The crop growth rate was found to 

be increasing with the age of crop till harvest. Between 30-45 DAS and 60-75 DAS, 

there was no significant difference between the treatments. At 45-60 DAS, significantly 

higher crop growth rate was found in T5 (14.44 g m-2 d-1), which was comparable with 

the treatments T6 (14.26 g m-2 d-1), T7 (13.33 g m-2 d-1), T4 (13.27 g m-2 d-1), T3 (13.15 

g m-2 d-1), and T8 (12.34 g m-2 d-1). The lowest value was found for the treatment T2 

(7.71 g m-2 d-1).  
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Table 3. Effect of seed bacterization and biochar amendment on the growth attributes of okra   

Treatments 

Height of the plant (cm) Number of leaves per plant Leaf Area Index (LAI) 

30 

DAS 

60 

DAS 

90 

DAS 

30 

DAS 

60 

DAS 

90 

DAS 

30 

DAS 
60 DAS 

90 

DAS 

T1 – 20 t ha-1 FYM + 100% RDN  

(KAU POP) 
15.67b 77.63b 84.10 7.87 16.80b 15.20 0.41 1.96d 1.53 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 

100% RDN 
18.03ab 81.90b 88.50 8.40 16.93b 14.93 0.61 2.35cd 1.66 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
16.93b 84.63ab 90.40 8.73 22.27a 15.47 0.60 2.86abc 1.71 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
19.83a 80.00b 89.63 9.07 22.47a 15.53 0.70 2.94ab 1.74 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
16.17b 79.13b 84.40 7.67 21.20a 15.80 0.46 2.61bc 1.84 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
16.77b 78.80b 91.50 8.53 21.73a 14.80 0.54 2.89abc 1.70 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
19.87a 94.20a 99.37 8.93 23.73a 15.73 0.59 3.21a 1.87 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
20.10a 87.73ab 97.00 9.33 22.07a 16.07 0.63 2.93ab 1.79 

SEm (±) 0.82 3.37 3.92 0.42 0.90 0.93 0.09 0.19 0.15 

CD (0.05) 2.49 10.22 NS NS 2.71 NS NS 0.56 NS 

DAS- Days after sowing; FYM- Farm yard manure; NS- Not significant; RDN- Recommended dose of nutrients; KAU POP- Kerala 

Agricultural University Package of Practices; Treatments with the same letters within a column are statistically at par; Data were obtained 

from a total of 15 plants (five randomly selected plants in each of the three replications). 
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Table 4. Effect of seed bacterization and biochar amendment on RGR, CGR, root depth, and root volume of okra 

Treatments 

Relative Growth Rate (RGR) 

(g g-1 d-1) 

Crop Growth Rate (CGR) 

(g m-2 d-1) 
Root 

depth 

(cm) 

Root 

volume 

(cm3) 
30-45 

DAS 

45-60 

DAS 

60-75 

DAS 

30-45 

DAS 

45-60 

DAS 

60-75 

DAS 

T1 – 20 t ha-1 FYM + 100% RDN 

(KAU POP) 
0.083ab 0.103bc 0.053 1.61 8.15b 12.53 17.87 21.93e 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 

100% RDN 
0.053c 0.100c 0.060 1.24 7.71b 13.89 17.43 33.93d 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
0.050c 0.107bc 0.040 1.67 13.15a 13.58 18.00 53.00ab 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
0.060bc 0.117bc 0.043 1.67 13.27a 14.82 16.80 47.33bc 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
0.093a 0.117bc 0.043 2.35 14.44a 16.79 16.83 60.00a 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
0.090a 0.117bc 0.047 2.22 14.26a 16.67 18.37 43.33bcd 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
0.100a 0.137a 0.047 1.60 13.33a 14.63 19.10 60.53a 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
0.093a 0.120ab 0.050 1.85 12.34a 15.19 19.13 39.27cd 

SEm (±) 0.008 0.006 0.004 0.22 0.81 1.16 0.75 3.46 

CD (0.05) 0.02 0.02 NS NS 2.45 NS NS 10.51 

DAS- Days after sowing; FYM- Farm yard manure; NS- Not significant; RDN- Recommended dose of nutrients; KAU POP- Kerala 

Agricultural University Package of Practices; Treatments with the same letters within a column are statistically at par; Data were computed 

separately from observations obtained from a total of 15 plants (five randomly selected plants in each of the three replications).  
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4.1.1.6 Root Depth 

 The effect of treatments on root depth is (at harvest) depicted in Table 4. Rooting 

depth of okra could not vary significantly in response to the treatments. 

4.1.1.7 Root Volume 

 The significant effect of treatments on root volume (at harvest) is depicted in 

Table 4. Among the treatments, T7 resulted in significantly higher root volume (60.53 

cm3) and was found to be on a par with the treatments T5 (60.00 cm3) and T3 (53.00 

cm3). The lowest root volume was recorded in control (T1) with a volume of 21.93 cm3. 

4.1.2 Yield Attributes and Yield 

 The yield and yield attributes of okra are depicted in Table 5 and Table 6. 

4.1.2.1 Days to 50 per cent Flowering 

The days to 50 per cent flowering (Table 5) did not show significant variation. 

In general, plants in all the treatments reached 50 per cent flowering between 41-45 

DAS.  

4.1.2.2 Number of Fruits per Plant 

 Table 5 depicts the effect of treatments on the number of fruits per plant. 

Significantly higher number of fruits per plant were recorded in the treatment T8 

(30.00), which was found to be on a par with T7 (29.00). The lowest number of fruits 

was recorded from T1 (20.00). 

4.1.2.3 Length of Fruits 

The effect of treatments on the length of fruit was not significant (Table 5). 

4.1.2.4 Girth of Fruit 

 The girth of the fruit was also not found to be significant (Table 5). 
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Table 5. Effect of seed bacterization and biochar amendment on yield attributes of okra 

Treatments 
Days to 50 per 

cent flowering 

Number of 

fruits per plant 

Length of fruits 

(cm) 

Girth of fruit 

(cm) 

Individual fruit 

weight (g) 

T1 – 20 t ha-1 FYM + 100% RDN  

(KAU POP) 
44.00 20.00b 14.53 6.56 22.54 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 

100% RDN 
43.33 22.00b 14.92 6.41 20.88 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
44.67 22.00b 15.08 6.56 23.37 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
44.33 23.00b 14.98 6.51 21.35 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
43.33 23.00b 15.50 6.91 23.12 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
43.67 24.00b 14.77 6.49 23.09 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
43.33 29.00a 15.06 6.72 21.64 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
41.67 30.00a 14.81 6.63 23.12 

SEm (±) 0.79 1.30 0.21 0.19 0.86 

CD (0.05) NS 3.937 NS NS NS 

DAS- Days after sowing; FYM- Farm yard manure; NS- Not significant; RDN- Recommended dose of nutrients; KAU POP- Kerala 

Agricultural University Package of Practices; Treatments with the same letters within a column are statistically at par; Data were obtained 

from a total of 15 plants (five randomly selected plants in each of the three replications).  
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Table 6. Effect of seed bacterization and biochar amendment on yield and harvest index 

of okra  

Treatments 
Fruit yield 

per plant (g) 

Fruit yield 

ha-1 (t) 

Harvest 

Index 

T1 – 20 t ha-1 FYM + 100% RDN  

(KAU POP) 
442.33c 10.24c 0.69abc 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM +  

100% RDN 
511.00bc 11.12bc 0.72a 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
478.00bc 11.08bc 0.60d 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
518.67b 12.01b 0.63cd 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
510.33bc 11.84bc 0.64bcd 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
480.00bc 11.82bc 0.62d 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
608.00a 14.09a 0.70ab 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
607.33a 14.07a 0.71a 

SEm (±) 24.78 0.57 0.022 

CD (0.05) 75.17 1.74 0.066 

FYM- Farm yard manure; RDN- Recommended dose of nutrients; KAU POP- Kerala 

Agricultural University Package of Practices; Treatments with the same letters within a 

column are statistically at par; Data were obtained from a total of 15 plants (five 

randomly selected plants in each of the three replications). 
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4.1.2.5 Individual Fruit Weight 

 The treatments did not produce any significant effects on individual fruit weight 

of okra (Table 5). 

4.1.2.6 Fruit Yield per Plant 

 The effect of treatments on fruit yield per plant is given in Table 6. Among the 

treatments, treatment T7 recorded significantly higher fruit yield per plant (608.00 g) 

and was found to be on a par with T8 (607.33 g). Lower yield per plant was obtained for 

the treatment T1 (442.33 g). 

4.1.2.7 Fruit Yield per Hectare 

 Table 6 depicts the fruit yield per hectare of okra as influenced by the treatments. 

Significantly higher yield per hectare was recorded by the treatment T7 (14.09 t ha-1) 

and was found to be on a par with the treatment T8 (14.07 t ha-1). The treatment T1 

recorded comparatively lower yield (10.24 t ha-1). 

4.1.2.8 Harvest Index 

 Harvest index was significantly influenced by the treatments (Table 6). The 

treatment T2 recorded a significantly higher harvest index of 0.72 and was found to be 

on a par with the treatments T8 (0.71), T7 (0.70) and T1 (0.69). 

4.1.3 Quality Parameters 

 The effect of treatments on the quality parameters viz., vitamin C and crude fibre 

of okra is shown in Table 7. 

4.1.3.1 Vitamin C 

The effect of treatments on Vitamin C in okra was not significant (Table 7). 

4.1.3.2 Crude Fibre 

 The effect of treatments on crude fibre of okra is presented in Table 7. 

Significantly higher crude fibre content was observwd for the treatment T7 (16.03%) 

and was found to be on a par with the treatments T5 (15.01%) and T4 (14.81%). Lower 

crude fibre content was recorded for the treatment T1 (12.31%).   
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Table 7. Effect of seed bacterization and biochar amendment on quality parameters of 

okra fruit 

Treatments 

Vitamin C 

 (mg 100 g-1 Fresh 

weight) 

Crude fibre 

(%) 

T1 – 20 t ha-1 FYM + 100% RDN  

(KAU POP) 
14.21 12.31e 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM +  

100% RDN 
16.80 12.57de 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
15.50 13.93bcd 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
11.63 14.81abc 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
15.50 15.01ab 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
14.21 13.45cde 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
18.09 16.03a 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
14.21 14.11bc 

SEm (±) 1.85 0.48 

CD (0.05) NS 1.46 

FYM- Farm yard manure; NS- Not significant; RDN- Recommended dose of nutrients; 

KAU POP- Kerala Agricultural University Package of Practices; Treatments with the 

same letters within a column are statistically at par. 
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4.1.4 Plant Analysis 

The effect of treatments on nutrient uptake by okra is presented in Table 8. 

4.1.4.1 Nitrogen Uptake 

 The treatment T7 had significantly increased the N uptake (82.31 kg ha-1) in okra 

(Table 8). This was found to be on a par with the treatment T8 (79.75 kg ha-1). Lower N 

uptake was recorded for the treatment T1 (44.33 kg ha-1). 

4.1.4.2 Phosphorus Uptake 

 The P uptake in okra was significantly influenced by the treatments (Table 8). 

Significantly higher P uptake was observed for the treatment T6 (15.68 kg ha-1) and was 

found to be on a par with the treatments T7 (15.54 kg ha-1), T5 (15.28 kg ha-1), T4 (15.09 

kg ha-1) and T8 (14.74 kg ha-1). Lower P uptake of 10.52 kg ha-1 was recorded for the 

treatment T1. 

4.1.4.3 Potassium Uptake 

 The uptake of K in okra was significantly influenced by the treatments (Table 8). 

Significantly higher K uptake was recorded for the treatment T7 (76.24 kg ha-1) and was 

found to be on a par with the treatments T4 (75.29 kg ha-1), T6 (74.36 kg ha-1), T8 (73.55 

kg ha-1), and T3 (61.55 kg ha-1). The lowest value of 42.75 kg ha-1 which was recorded 

in T1 treatment. 

4.1.5 Soil Analysis 

 The data on soil parameters recorded following the experiment are summarised 

in Table 9 and Table 10. 

4.1.5.1 Soil Reaction (pH) 

 The effect of treatments on soil pH (Table 9) was not significant. 

4.1.5.2 Electrical Conductivity (EC) 

 The electrical conductivity of the soil (Table 9) did not vary significantly among 

the treatments. 
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Table 8. Effect of seed bacterization and biochar amendment on uptake of N, P, and K 

by okra, kg ha-1 

Treatments N P K 

T1 – 20 t ha-1 FYM + 100% RDN  

(KAU POP) 
44.33e 10.52b 42.75d 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM +  

100% RDN 
51.31de 10.91b 50.61cd 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
57.55cd 11.62b 61.55abc 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
73.97b 15.09a 75.29ab 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
58.73cd 15.28a 59.38bc 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
62.02c 15.68a 74.36ab 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
82.31a 15.54a 76.24a 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
79.75ab 14.74a 73.55ab 

SEm (±) 2.7 1.0 5.3 

CD (0.05) 8.19 3.0 16.0 

FYM- Farm yard manure; RDN- Recommended dose of nutrients; KAU POP- Kerala 

Agricultural University Package of Practices; Treatments with the same letters within a 

column are statistically at par. 
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Table 9. Effect of seed bacterization and biochar amendment on soil parameters after the harvest of okra 

Treatments 
Soil reaction 

(pH) 
EC (dS m-1) 

CEC 

(cmol (+) kg-1) 

Water holding 

capacity (%) 

Organic carbon 

(%) 

T1 – 20 t ha-1 FYM + 100% RDN (KAU 

POP) 
5.95 0.19 2.67 32.72c 0.73 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 

100% RDN 
6.01 0.19 3.04 38.44a 0.72 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
5.94 0.22 2.84 34.36abc 0.68 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
5.88 0.22 2.85 33.65bc 0.76 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
5.93 0.21 2.84 34.27abc 0.69 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
6.01 0.22 2.94 37.63ab 0.71 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
5.99 0.20 2.96 38.06ab 0.74 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
6.01 0.21 2.97 38.61a 0.75 

SEm (±) 0.04 0.01 0.13 1.46 0.032 

CD (0.05) NS NS NS 4.44 NS 

FYM- Farm yard manure; NS- Not significant; RDN- Recommended dose of nutrients; EC- Electrical conductivity; CEC- Cation exchange 

capacity; KAU POP- Kerala Agricultural University Package of Practices; Treatments with the same letters within a column are statistically 

at par. 
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4.1.5.3 Cation Exchange Capacity (CEC) 

 The effect of treatments on CEC (Table 9) was not significant. 

4.1.5.4 Water Holding Capacity (WHC) 

 Water holding capacity of the soil after harvest was significantly influenced by 

the treatments (Table 9). The treatment T8 recorded the significantly higher water 

holding capacity of 38.61 per cent and remained at par with the treatments T2 (38.44%), 

T7 (38.06%), T6 (37.63%), T3 (34.36%), and T5 (34.27%). Lower water holding capacity 

was found in T1 (32.72%). 

4.1.5.5 Organic Carbon 

 The organic carbon content of soil after the harvest of okra was not significantly 

influenced by the treatments (Table 9). 

4.1.5.6 Available Nitrogen 

 Table 10 depicts the available N status of soil after the harvest of okra. The 

treatments had significant influence on the available N in soil. Among the treatments, 

the treatment T8 recorded significantly higher available N (276.14 kg ha-1) and was 

statistically comparable with T6 (260.21 kg ha-1), T7 (254.89 kg ha-1) and, T4 (244.27 kg 

ha-1). The lowest available nitrogen content was observed in T3 (201.79 kg ha-1). 

4.1.5.7 Available Phosphorus 

 There was no significant difference among treatments for available phosphorus 

content in soil after the harvest of okra (Table 10). 

 4.1.5.8 Available Potassium 

There was significant effect for the treatments on available K in soil after the 

harvest of okra (Table 10). The treatment T7 recorded a significantly higher available K 

(188.83 kg ha-1) and was found to be on a par with T8 (178.49 kg ha-1), T4 (170.69 kg 

ha-1) and T6 (167.52 kg ha-1). Significantly lower value was recorded in T1 (120.92 kg 

ha-1). 
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Table 10. Effect of seed bacterization and biochar amendment on available N, P, and K 

of soil after the harvest of okra, kg ha-1 

Treatments Available N 
Available 

P 
Available K 

T1 – 20 t ha-1 FYM + 100% RDN  

(KAU POP) 
212.41cd 55.51 120.92c 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM +  

100% RDN 
233.65bcd 62.08 156.05b 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
201.79d 66.75 147.17bc 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
244.27abc 79.48 170.69ab 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
223.03bcd 77.47 148.36bc 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
260.21ab 71.98 167.52ab 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
254.89ab 85.35 188.83a 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
276.14a 86.46 178.49ab 

SEm (±) 13.83 6.74 10.74 

CD (0.05) 41.96 NS 32.59 

FYM- Farm yard manure; NS- Not significant; RDN- Recommended dose of nutrients; 

KAU POP- Kerala Agricultural University Package of Practices; Treatments with the 

same letters within a column are statistically at par. 

 

 

 

 



45 

 

 

 

Table 11. Effect of seed bacterization and biochar amendment on microbial population 

of soil after the harvest of okra, log CFU g-1 soil 

Treatments Bacteria Fungi Actinomycetes 

T1 – 20 t ha-1 FYM + 100% RDN 

(KAU POP) 
7.11 4.58a 5.84ab 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 

100% RDN 
7.16 4.53a 5.91a 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
7.20 4.36b 5.63bc 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
7.29 4.31bc 5.72abc 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
7.26 4.27bc 5.47c 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
7.30 4.05d 5.83ab 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
7.26 4.24bc 5.98a 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
7.28 4.18cd 5.87ab 

SEm (±) 0.05 0.049 0.092 

CD (0.05) NS 0.149 0.278 

FYM- Farm yard manure; NS- Not significant; RDN- Recommended dose of nutrients; 

CFU- Colony forming units; KAU POP- Kerala Agricultural University Package of 

Practices; Treatments with the same letters within a column are statistically at par. 
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4.1.6 Microbial Population in the Soil After the Harvest of Okra 

The effect of treatments on the microbial population of soil after the harvest of 

okra is given in Table 11.  The treatment effect on bacterial count was not significant. 

The fungal population was significantly higher in T1 (4.58 log CFU g-1 soil) and was on 

a par with T2 (4.53 log CFU g-1 soil). The actinomycetes count was significantly higher 

in T7 (5.98 log CFU g-1 soil) and was on a par with T2 (5.91 log CFU g-1 soil), T8 (5.87 

log CFU g-1 soil), T1 (5.84 log CFU g-1 soil), T6 (5.83 log CFU g-1 soil) and T4 (5.72 log 

CFU g-1 soil). 

4.2 ASSESSING THE RESIDUAL EFFECT OF SEED BACTERIZATION AND 

BIOCHAR AMENDMENT ON GROWTH AND YIELD OF AMARANTHUS  

4.2.1 Yield Attributes of Amaranthus 

The yield and yield attributes of amaranthus are depicted in Table 12. 

4.2.1.1 Yield per Plant 

 The effect of treatments on the yield per plant was not significant (Table 12). 

4.2.1.2 Yield per Hectare 

 The treatments could not produce any significant effect on the yield of amaranthus 

(Table 12).  

4.2.2 Plant Analysis 

The effect of treatments on nutrient uptake by amaranthus is depicted in Table 13. 

4.2.2.1 Nitrogen Uptake 

 The N uptake by amaranthus is presented in Table 13. The treatment T7 (22.59 kg 

ha-1) recorded significantly higher N uptake by amaranthus and was on a par with the 

treatments T8 (22.26 kg ha-1), T2 (22.07 kg ha-1), T4 (21.21 kg ha-1) and T6 (21.10 kg ha-1).  
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Table 12. Residual effect of seed bacterization and biochar amendment on yield 

attributes of amaranthus 

Treatments 
Yield per plant 

(g) 
Yield per ha (kg) 

T1 – 20 t ha-1 FYM + 100% RDN  

(KAU POP) 
39.92 4097 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 

100% RDN 
41.33 5006 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
39.33 4158 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
52.17 5156 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
48.00 4306 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
53.00 5289 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
49.50 5434 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
53.58 5582 

SEm (±) 3.69 365 

CD (0.05) NS NS 

FYM- Farm yard manure; NS- Not significant; RDN- Recommended dose of nutrients; 

KAU POP- Kerala Agricultural University Package of Practices; Data were obtained 

from a total of 15 plants (five randomly selected plants in each of the three replications). 
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Table 13. Residual effect of seed bacterization and biochar amendment on uptake of N, 

P, and K by amaranthus, kg ha-1  

Treatments N P K 

T1 – 20 t ha-1 FYM + 100% RDN  

(KAU POP) 
16.86b 3.95cd 16.35c 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 

100% RDN 
22.07a 5.23bc 19.31abc 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
16.59b 3.66d 17.22bc 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
21.21a 6.64ab 19.83ab 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
15.55b 5.12bcd 16.19c 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
21.10a 5.53b 22.76a 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
22.59a 6.58ab 19.99ab 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
22.26a 7.30a 22.09a 

SEm (±) 0.59 0.50 1.14 

CD (0.05) 1.78 1.52 3.47 

FYM- Farm yard manure; RDN- Recommended dose of nutrients; KAU POP- Kerala 

Agricultural University Package of Practices; Treatments with the same letters within a 

column are statistically at par. 
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4.2.2.2 Phosphorus Uptake 

The P uptake by amaranthus is presented in Table 13. The treatment T8 (7.30 kg 

ha-1) had recorded significantly higher P uptake by amaranthus and was on a par with 

the treatments T4 (6.64 kg ha-1) and T7 (6.58 kg ha-1). 

4.2.2.3 Potassium Uptake 

 The uptake of K in amaranthus was significantly influenced by the treatments 

(Table 13). Significantly higher K uptake was recorded for the treatment T6 with 22.76 

kg ha-1 and was found to be on a par with the treatments T8 (22.09 kg ha-1), T7 (19.99 

kg ha-1), T4 (19.83 kg ha-1) and T2 (19.31 kg ha-1).  

4.2.3 Soil Analysis 

The data on soil parameters after the experiment are presented in Table 14 and 

Table 15. 

4.2.3.1 Soil Reaction (pH) 

 The effect of treatments on soil pH (Table 14) was not significant. 

4.2.3.2 Electrical Conductivity (EC) 

 The treatments were not found to be significant in terms of EC (Table 14). 

4.2.3.3 Cation Exchange Capacity (CEC) 

 The effect of treatments on CEC (Table 14) was not significant. 

4.2.3.4 Water Holding Capacity (WHC) 

 There was no significant difference among treatments (Table 14) for WHC. 

4.2.3.5 Organic Carbon 

 The organic carbon content in soil after amaranthus was not significantly 

influenced by the treatments (Table 14). 
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Table 14. Residual effect of seed bacterization and biochar amendment on soil parameters after the harvest of amaranthus 

Treatments 
Soil reaction 

(pH) 
EC (dS m-1) 

CEC 

(cmol (+) kg-1) 
WHC (%) Organic carbon (%) 

T1 – 20 t ha-1 FYM + 100% RDN (KAU 

POP) 
5.35 0.14 2.47 30.87 0.70 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM +  

100% RDN 
5.41 0.12 2.78 35.35 0.68 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
5.35 0.15 2.55 30.97 0.65 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
5.29 0.10 2.53 31.67 0.71 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
5.34 0.12 2.58 31.58 0.65 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
5.41 0.10 2.69 34.22 0.66 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
5.40 0.10 2.73 34.31 0.69 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
5.41 0.12 2.74 35.28 0.71 

SEm (±) 0.03 0.01 0.15 1.65 0.031 

CD (0.05) NS NS NS NS NS 

FYM- Farm yard manure; NS- Not significant; RDN- Recommended dose of nutrients; EC- Electrical conductivity; CEC- Cation exchange 

capacity; WHC- Water holding capacity; KAU POP- Kerala Agricultural University Package of Practices. 
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Table 15. Residual effect of seed bacterization and biochar amendment on available N, 

P, and K in soil after the harvest of amaranthus, kg ha-1  

Treatments Available N Available P Available K 

T1 – 20 t ha-1 FYM + 100% RDN  

(KAU POP) 
138.07cd 40.02d 74.03e 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 

100% RDN 
159.31bc 45.36cd 106.32bcd 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
116.83d 46.03cd 99.52d 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
143.38c 61.42ab 122.07ab 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
138.07cd 57.35ab 105.28cd 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
180.55ab 53.24bc 116.98abc 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
175.24ab 62.38a 128.66a 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
196.48a 61.23ab 125.72a 

SEm (±) 8.245 2.74 5.28 

CD (0.05) 25.009 8.31 16.01 

FYM- Farm yard manure; RDN- Recommended dose of nutrients; KAU POP- Kerala 

Agricultural University Package of Practices; Treatments with the same letters within a 

column are statistically at par. 
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Table 16. Residual effect of seed bacterization and biochar amendment on microbial 

population of soil after the harvest of amaranthus, log CFU g-1 soil 

Treatments Bacteria Fungi Actinomycetes 

T1 – 20 t ha-1 FYM + 100% RDN 

(KAU POP) 7.58 4.42 5.80 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 

100% RDN 
7.58 4.53 5.79 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
7.70 4.53 5.67 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
7.64 4.44 5.84 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
7.60 4.47 5.78 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
7.73 4.40 5.90 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
7.68 4.53 5.78 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
7.67 4.49 5.86 

SEm (±) 0.046 0.049 0.042 

CD (0.05) NS NS NS 

FYM- Farm yard manure; NS- Not significant; RDN- Recommended dose of nutrients; 

CFU- Colony forming units; KAU POP- Kerala Agricultural University Package of 

Practices. 
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4.2.3.6 Available Nitrogen 

Table 15 depicts the data on available N status in soil after the harvest of 

amaranthus.  Among the different treatments, T8 recorded significantly higher available 

N content (196.48 kg ha-1), which was remained at par with the treatments T6 (180.55 

kg ha-1) and T7 (175.24 kg ha-1). Significantly lower available N content was observed 

in treatment T3 (116.83 kg ha-1). 

4.2.3.7 Available Phosphorus 

The effect of treatments on the available P in soil after the harvest of amaranthus 

is given in Table 15.  The treatment T7 recorded significantly higher available P (62.38 

kg ha-1). It was found to be on a par with the treatments T4 (61.42 kg ha-1), T8 (61.23 kg 

ha-1) and T5 (57.35 kg ha-1). Significantly lower value for the treatments were observed 

in T1 (40.02 kg ha-1).  

4.2.3.8 Available Potassium 

Data on the effect of treatments on available potassium after amaranthus are 

shown in Table 15. The treatment T7 recorded significantly higher available K (128.66 

kg ha-1), which was found to be on a par with T8 (125.72 kg ha-1), T4 (122.07 kg ha-1) 

and T6 (116.98 kg ha-1). Significantly lower values were recorded for the treatment T1 

(74.03 kg ha-1). 

4.2.4 Microbial Population in the Soil After the Harvest of Amaranthus 

The effect of treatments on the microbial population of soil after the harvest of 

amarathus was not significant (Table 16).  

4.3 OKRA EQUIVALENT YIELD 

 The effect of treatments on the okra equivalent yield is presented in Table 17. The 

higher okra equivalent yield was obtained with T8 (18.85 t ha-1), followed by T7 (18.75 

t ha-1) and T4 (16.43 t ha-1). 
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Table 17. Effect of seed bacterization and biochar amendment on okra equivalent yield 

Treatments Okra equivalent yield (t ha-1) 

T1 – 20 t ha-1 FYM + 100% RDN  

(KAU POP) 
13.75 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 

100% RDN 
15.41 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
14.64 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
16.43 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
15.53 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
16.35 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
18.75 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
18.85 

FYM- Farm yard manure; RDN- Recommended dose of nutrients; KAU POP- Kerala 

Agricultural University Package of Practices. 
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4.4 ECONOMICS OF CULTIVATION  

 The results on the economics of cultivation are presented in Table 18. The highest 

gross income (₹ 6,59,910 ha-1) was recorded for the treatment T8 (T2 + Seed treatment 

with Bacillus velezensis PCSE 10), followed by T7 (₹ 6,56,170 ha-1). Net income also 

followed the same trend. Higher net income was obtained from T8 (₹ 3,31,265 ha-1) 

followed by T7 (₹ 3,27,525 ha-1). The BC ratio was found to be higher for T8 (2.01) and 

T4 (2.01), followed by T7 (2.00). 
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Table 18. Effect of seed bacterization and biochar amendment on economics of 

cultivation 

Treatment 

Cost of 

cultivation 

(₹ ha-1) 

Gross 

income  

(₹ ha-1) 

Net 

income 

(₹ ha-1) 

BC 

Ratio 

T1 – 20 t ha-1 FYM + 100% RDN 

(KAU POP) 
284245 481310 197065 1.69 

T2 – 5 t ha-1 biochar + 5 t ha-1 FYM + 

100% RDN 
326645 539380 212735 1.65 

T3 – T1 + Seed treatment with Bacillus 

pumilus VLY 17 
286245 512540 226295 1.79 

T4 – T1 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
286245 575030 288785 2.01 

T5 – T1 + Seed treatment with Bacillus 

velezensis PCSE 10 
286245 543580 257335 1.90 

T6 – T2 + Seed treatment with Bacillus 

pumilus VLY 17 
328645 572370 243725 1.74 

T7 – T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24 
328645 656170 327525 2.00 

T8 – T2 + Seed treatment with Bacillus 

velezensis PCSE 10 
328645 659910 331265 2.01 

FYM- Farm yard manure; RDN- Recommended dose of nutrients; KAU POP- Kerala 

Agricultural University Package of Practices. 
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5. DISCUSSION 

The study entitled ‘Seed bacterization and biochar amendment for okra-

amaranthus cropping sequence in Onattukara Sandy Plains’ was carried out at the 

Department of Agronomy, College of Agriculture, Vellayani, Thiruvananthapuram and 

Onattukara Regional Agricultural Research Station (ORARS), Kayamkulam, during the 

year 2023-2025. The results obtained are discussed in this chapter.  

5.1 SEED BACTERIZATION AND BIOCHAR AMENDMENT ON THE GROWTH 

AND YIELD OF OKRA 

5.1.1 Growth Attributes of Okra 

The height of the okra plants was observed at 30 DAS, 60 DAS and 90 DAS (Fig. 

3). At 30 DAS, the treatment T8 recorded significantly taller plants (20.10 cm) and was 

found to be on a par with treatments T7 (19.87 cm), T4 (19.83) and T2 (18.03 cm). The 

taller plants in T8 might be due to the combined effect of seed treatment with Bacillus 

velezensis PCSE 10 and the application of biochar in soil. Chen et al. (2019) had also 

observed enhanced plant height in peanut when inoculated with Bacillus velezensis. 

This significant enhancement in plant height could be due to the ability of the bacteria 

to solubilise phosphate, produce siderophores, and stimulate plant growth. Tu et al. 

(2025) opined that the genome of B. velezensis contains several genes that are associated 

with plant growth promotion activity (IAA synthesis and mineral phosphate 

solubilization). Vikram et al. (2024a) had reported that tender coconut husk biochar 

exhibited a water holding capacity of 232.32 per cent, attributed to its high pore space. 

The ability of tender coconut husk biochar to absorb and hold moisture in sandy loam 

soils might have contributed to the increased height of okra in T8, T7 and T2 at 30 DAS. 

Anwar et al. (2021) had also reported a 30 per cent increase in plant height for okra 

compared to the control with the application of wheat straw biochar. At 60 DAS, the 

treatment T7 produced significantly taller plants (94.20 cm) and was found to be on a 

par with T8 (87.73 cm) and T3 (84.63 cm). This might be due to the combined effect of 

seed treatment with Bacillus amyloliquefaciens VLY 24 and the application of biochar 

in soil. According to Qin et al. (2017), inoculation of cucumber seedlings with Bacillus 

amyloliquefaciens significantly increased the shoot length due to the improved N uptake 

and the ability of the bacterium to solubilise potassium. Tian et al. (2023) observed that 
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Bacillus amyloliquefaciens produced growth-promoting compounds (such as IAA and 

siderophores) as well as phytohormones (cytokinin, zeatin, and abscisic acid), all of 

which contributed to an increase in plant height. The moisture retaining capacity of 

biochar might have contributed to the sustained increase in plant height even at 60 DAS, 

as observed in T7 and T8 treatments. Acharya et al. (2022) observed significantly taller 

plants in okra due to the application of biochar. This effect was associated with the 

ability of biochar to enhance soil fertility through improved nutrient loading and its 

plant growth-promoting properties. Oluleye et al. (2023) also obtained taller okra plants 

with biochar and NPK fertiliser. No significant difference in height was observed among 

the treatments during the later stages of growth.  

The effect of treatments on the number of leaves per plant was evaluated at 

monthly intervals till 90 DAS (Fig. 4). In general, the number of leaves per plant was 

found to increase till 60 DAS; thereafter, it declined. Significant differences among the 

treatments were observed only at 60 DAS. Similar to the height of the plant at 60 DAS, 

the number of leaves per plant was also found to be significantly more in T7 (23.73), 

which was at par with the treatments T4 (22.47), T3 (22.27), T8 (22.07), T6 (21.73), and 

T5 (21.20). This result revealed that, in general, irrespective of the bacterial strain used, 

seed treatment significantly increased the number of leaves per plant in okra. Alexis et 

al. (2021) reported a significantly greater number of leaves per plant in okra, treated 

with Bacillus amyloliquefaciens, which was attributed to the rapid degradation of 

organic matter and the subsequent release of nutrients essential for plant growth. This 

might be the reason for the significantly higher number of leaves per plant for T7 and 

T4 treatments. Tian et al. (2023) had also observed that Bacillus amyloliquefaciens 

produced several growth-promoting metabolites along with phytohormones, all of 

which contributed to an increased number of leaves per plant. The application of biochar 

has been reported to raise the soil pH, enhance CEC and make available the soil 

nutrients to plants (Vikram et al., 2025). The treatments involving biochar application 

(T6, T7, and T8) exhibited significantly higher uptake of P and K (Table 8), whereas N 

uptake of okra was significantly higher in the treatments T7 and T8.  Hence, the 

application of biochar might also have contributed to the significantly greater number 

of leaves per plant in okra for the treatments T7 and T8. Madaki et al. (2025) also 
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obtained a significantly greater number of leaves in okra that were applied with rice 

husk biochar. Punnoose and Anitha (2017) also obtained a greater number of leaves per 

plant in amaranthus that was supplied with biochar produced from woody wild growth, 

along with the recommended dose of NPK.  

In general, like the number of leaves per plant, the leaf area index of okra also 

increased with the age of the crop till 60 DAS, which was then found to decline 

thereafter (Fig. 5). At 60 DAS, the treatment T7 recorded significantly higher leaf area 

index (3.21) and was found to be on a par with the treatments T4 (2.94), T8 (2.93), T6 

(2.89) and T3 (2.86). Tian et al. (2023) observed that Bacillus amyloliquefaciens 

produces compounds such as IAA and siderophores, along with phytohormones, all of 

which contribute to an increase in the number of leaves per plant and enhanced leaf 

area, which in turn increases the leaf area index. Sheteiwy et al. (2021) observed 11-16 

per cent increase in leaf area for soybean plants which were inoculated with Bacillus 

amyloliquefaciens and concluded that B. amyloliquefaciens had the ability to colonise 

the roots of plants and promote plant growth. The treatments that included biochar 

application (T6, T7, and T8) showed significantly higher uptake of P and K (Table 8), 

while N uptake was significantly increased in okra under treatments T7 and T8. This 

improved nutrient uptake, particularly in T7 and T8, might have contributed to the 

significantly higher LAI observed in okra under these treatments. Khan et al. (2021) 

observed that the LAI was found to be significantly higher when biochar loaded with N 

and biofertilisers was applied in wheat. Sánchez et al. (2025) also observed a 25 per 

cent increase in the number of leaves and 1.8-times higher leaf area index in lettuce due 

to the application of walnut shell biochar.  

The effect of treatments on the relative growth rate of okra was recorded at 15 

days intervals, i.e., 30-45 DAS, 45-60 DAS and 60-75 DAS (Fig. 6). In general, similar 

to the number of leaves per plant, the RGR of plants were also found to increase till 60 

DAS, thereafter it declined. Significantly higher RGR was observed at 30-45 DAS for 

the treatment T7 (0.100 g g-1 d-1), which was on a par with the treatments T5 (0.093 g g-

1 d-1), T8 (0.093 g g-1 d-1), T6 (0.090 g g-1 d-1) and T1 (0.083 g g-1 d-1). The higher values 

observed for T7 might be due to the combined effect of seed treatment with Bacillus 

amyloliquefaciens VLY 24 and soil application of biochar. Shao et al. (2014) reported 
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that Bacillus amyloliquefaciens produced the phytohormone IAA, emitted volatile 

compounds, and secreted various extracellular enzymes, all of which contributed to 

enhanced plant growth and directly increased the relative growth rate. Biochar in soil is 

known to increase soil nutrients, pH, porosity, and water availability, which are critical 

for plant growth. This improved nutrient status directly supports faster root and shoot 

development, leading to increased dry matter production (Joseph et al., 2021), which 

might have resulted in higher RGR. Khan et al. (2022) also reported an increase in total 

dry matter production in maize when conditioned with biochar and straw mulch. The 

same trend was followed for RGR at 45-60 DAS. Significantly higher RGR was 

observed in T7 (0.137 g g-1 d-1) and was found to be on a par with the treatment T8 (0.120 

g g-1 d-1). The synergistic effect of biochar and bacteria might have promoted vigorous 

vegetative growth in okra by significantly enhancing nitrogen uptake in the treatments 

T7 and T8 (Table 8).  

The CGR of okra plants were also observed at 15 days intervals between 30-45 

DAS, 45-60 DAS and 60-75 DAS (Fig. 7). The CGR was found to be increasing with 

the age of the crop till harvest. At 45-60 DAS, significantly higher CGR was found in 

T5 (14.44 g m-2 d-1), which was comparable with the treatments T6 (14.26 g m-2 d-1), T7 

(13.33 g m-2 d-1), T4 (13.27 g m-2 d-1), T3 (13.15 g m-2 d-1) and T8 (12.34 g m-2 d-1). This 

result reveals that, in general, regardless of the bacterial strain applied, seed treatment 

in okra had significantly increased the CGR of the plant between 45-60 DAS. Among 

the significantly influencing treatments, for T5 and T8, seed treatment was done using 

Bacillus velezensis PCSE 10. According to Wang et al. (2022a), Bacillus velezensis has 

the ability to solubilise both organic and inorganic forms of phosphorus and secrete 

IAA, which in turn improves the morphological structure, element accumulation, 

nutrient uptake and utilisation, directly contributing to enhanced biomass of plants. 

Calzavara et al. (2021) had also reported a significantly higher biomass of tree species 

under nitrogen-deficient conditions, where rhizosphere inoculation with Bacillus 

velezensis ZK enhanced photosynthesis and nitrogen assimilation in plants. Wang et al. 

(2022a) also found that cucumber seedlings treated with Bacillus velezensis SX13 

showed significant improvements in shoot dry weight by 18.81 per cent, and root dry 

weight by 21.60 per cent, thereby contributing to an increased CGR of the plants. The 
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biochar application has been reported to increase soil pH, enhance CEC, and promote 

the availability of essential nutrients for plant uptake (Vikram et al., 2025), which might 

be the reason for the production of higher CGR in T6, T7 and T8 treatments.  

The effects of different treatments on root depth and root volume were recorded 

at harvest. While the treatments had no significant effect on root depth, root volume was 

found to be significantly. influenced by the treatments (Fig. 8). In general, seed 

treatment, irrespective of the bacterial strain applied, was found to improve the root 

volume in okra (treatments T3 to T8). Among the treatments, T7 recorded significantly 

higher root volume (60.53 cm3) and was observed to be on a par with the treatments T5 

(60.00 cm3) and T3 (53.00 cm3). There was an over 176 per cent increase in root volume 

in T7 compared to control (T1), which might be due to the synergistic effects of seed 

treatment with Bacillus amyloliquefaciens VLY 24 and soil application of biochar. 

Bacillus amyloliquefaciens possesses the ability to synthesise indole-3-acetic acid 

(IAA), a key phytohormone that is classified under natural auxins. Chebotar et al. 

(2022) have reported that auxin helps in stimulating root cell division, cell elongation 

and cell differentiation, contributing to the increased root volume. Luan et al. (2023) 

had reported that Bacillus amyloliquefaciens also secretes siderophores, which improve 

iron availability in the rhizosphere, thereby promoting more vigorous root development. 

All these factors might have contributed to the higher root volume in T7 treatment. 

Earlier, Jamal et al. (2018) had reported significantly enhanced root biomass for pepper 

when B. amyloliquefaciens was applied in combination with chemical fertilisers. Yang 

et al. (2025) found that inoculation with B. amyloliquefaciens had promoted cluster root 

formation in white lupin (under P deficient conditions) by stimulating the biosynthesis 

and transport of auxin. Soil application of biochar was confined to the upper layer of 

soil, which might have concentrated the nutrients and moisture within the top 20 cm of 

soil. This stratification of resources might have created favourable conditions for lateral 

root expansion while limiting vertical root penetration. Due to the porous nature of 

biochar, there is a decrease in the bulk density of soil and enhanced expansion of okra 

roots for T7 treatment. Jabborova et al. (2021) and Liu et al. (2021) had also reported 

increased root volume of okra by 28 per cent and 57.2 per cent, respectively, due to the 
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application of biochar. Similar findings of increased root volume in okra due to the 

application of tender coconut husk biochar were also reported by Vikram et al. (2024b).  

5.1.2 Yield Attributes of Okra 

The number of days to 50 per cent flowering was not found to be significantly 

different among the treatments, with plants across all treatments generally reaching 50 

per cent flowering between 41 and 45 days after sowing. 

The number of fruits per plant was significantly increased by the treatments (Fig. 

9). In general, the plants that were conditioned with biochar (T2, T6, T7 and T8) appeared 

to produce a higher number of fruits per plant. Notably, the treatment effects were 

statistically significant only for T8 (30.00), which was comparable with the treatment 

T7 (29.00). Dainy (2015) had observed a 30.77 per cent increase in the number of pods 

per plant for yard long bean with the application of tender coconut husk biochar. 

Corroborative results of an increased number of pods per plant in okra were also 

reported by Sikdar et al. (2023) in sandy soil supplemented with biochar. The plants in 

treatments T8 and T7 were seed treated with Bacillus velezensis PCSE 10 and Bacillus 

amyloliquefaciens VLY 24, respectively. The bacteria might have improved the mobility 

of nutrients from the soil, which might have increased the fruit production in okra. 

Balderas-Ruíz et al. (2021) also recorded an increased number of fruits per plant in 

tomato, which were treated with Bacillus velezensis.  

Significantly higher fruit yield per plant (608.00 g) was recorded for the treatment 

T7, and was found to be statistically comparable with the treatment T8 (607.33 g) (Fig. 

10). Kim et al. (2017) reported that Bacillus amyloliquefaciens produces certain 

phytohormones, including gibberellins, which play a vital role in fruit development. 

This might be the reason for the increased fruit yield per plant in T7. The application of 

biochar might have also contributed to the significantly higher fruit yield per plant in 

T7 and T8. Gairhe et al. (2024) reported that the cumulative benefits of biochar 

application, such as enhanced water holding capacity, increased organic matter content, 

improved nutrient uptake, and elevated photosynthetic activity, can collectively 

contribute to improved fruit development in plants. This might be another reason for 

the higher fruit yield per plant from T7 and T8 treatments. Similar reports of increased 
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fruit yield per plant in okra were also reported by Sikdar et al. (2023) and Vikram et al. 

(2025) when the plants were conditioned with biochar. The okra plants in T7 and T8 

were also observed to take up a higher quantity of N (Table 8) from the soil. Nitrogen 

is known to promote vegetative growth in plants, and hence, a higher N uptake by the 

plants in T7 and T8 could have enhanced the vegetative growth and photosynthetic 

capacity of the plant and led to the production of increased assimilates. The enhanced 

availability of assimilates might have ultimately contributed to the significantly higher 

fruit yield per plant.  

Similar to fruit yield per plant, significantly higher yield per hectare was also 

recorded for the treatment T7 (14.09 t ha-1) and was found comparable to the treatment 

T8 (14.07 t ha-1) (Fig. 11). This significantly higher yield per hectare in okra for T7 and 

T8 is attributed to the significantly higher yield components such as number of fruits 

per plant and fruit yield per plant. Similar reports of increased fruit yield in okra (Alexis 

et al., 2021; Acharya et al., 2022 and Vikram et al., 2025), radishes, lettuces, and sweet 

peppers (González-Pernas et al., 2022) due to application of biochar have been widely 

reported.   

Even though the fruit yield per plant and fruit yield per hectare were significantly 

higher for the treatments T7 and T8 (Fig. 12), the harvest index was found to be 

significantly higher for T2 (0.72). The values were found to be comparable with T8 

(0.71), T7 (0.70) and T1 (0.69). Biochar incorporation in the treatments T2, T7 and T8 

might have likely enhanced the nutrient availability, uptake and assimilation. This, in 

turn, might have contributed to an increased vegetative growth and economic yield in 

okra, thereby leading to a higher harvest index for T2, T7 and T8 treatments. For the 

treatment T1, a significant increase in HI might be due to the lower biological yield and 

economic yield. Dainy (2015) had also reported that the application of biochar resulted 

in significantly higher harvest index in yard long bean. Vikram et al. (2025) also 

observed an improved harvest index in okra when biochar was applied in combination 

with FYM and NPK fertilisers. 
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5.1.3 Quality Attributes of Okra 

Significantly higher crude fibre content was recorded for the treatment T7 

(16.03%) and was found to be on a par with the treatments T5 (15.01%) and T4 (14.81%) 

(Fig. 13). In general, all the plants which received biochar produced significantly higher 

crude fibre content compared to the control. The significantly higher crude fibre content 

in T7 could be attributed to the improved uptake of essential macronutrients (viz., N and 

K- Table 8), which play a critical role in cell wall development and cellulose 

biosynthesis. Crude fibre is the indigestible portion of plant material, primarily 

comprising structural cell wall components such as cellulose, lignin, and hemicellulose. 

The enhanced availability and assimilation of these nutrients in T7 might have promoted 

the synthesis and accumulation of these fibrous compounds in plant tissues. Similar 

reports of increased stem hemicellulose, lignin and cellulose in rice due to application 

of biochar were reported by Miao et al. (2023). Increased crude fibre content was also 

observed due to the application of biochar in tomato (Usman et al., 2023) and okra 

(Vikram, 2024). B. amyloliquefaciens was also shown to stimulate lignin biosynthesis 

(Irizarry and White, 2018), which might have contributed to the increased fibre content. 

The application of PGPR was found to increase crude fibre in tomato (Katsenios et al., 

2021), sweet corn (Katsenios et al., 2022), cellulose and lignin in wheat (Kolomiiets et 

al., 2020) and lignin deposition in common bean (Lastochkina et al., 2021).  

5.1.4 Nutrient Uptake by Okra 

The treatment T7 (82.31 kg ha-1) had significantly enhanced the N uptake in okra 

and was found to be comparable with the treatment T8 (79.75 kg ha-1) (Fig. 14). Hui et 

al. (2018) observed that Bacillus amyloliquefaciens increased the available N in soil by 

increasing the soil NO3
- and mineral N concentrations. This might have contributed to 

the significantly higher available N in soil (Table 10) and likely contributed to a 

significantly higher N uptake by okra in T7. Wang et al. (2022) also observed that B. 

amyloliquefaciens improved the N uptake and overall plant growth by enhancing root 

and shoot growth and nutrient assimilation. Bacillus velezensis was observed to enhance 

the process of soil mineralisation and nitrification (Huang et al., 2024), which might be 

the reason for the higher available N in soil and higher uptake by okra in T8. The 

application of biochar might have reduced the leaching loss of fertilisers applied and 
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Fig. 12 Effect of seed bacterization and biochar amendment on harvest index 

Fig. 11 Effect of seed bacterization and biochar amendment on fruit yield per ha 
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likely helped in the retention of soil N in both T7 and T8 treatments. Similar results of 

enhanced N uptake due to the application of biochar were reported in maize (Peng et 

al., 2021) and okra (Oluleye et al., 2023).  

Significantly higher P uptake was recorded for the treatment T6 (15.68 kg ha-1) 

and was found to be on a par with the treatments T7 (15.54 kg ha-1), T5 (15.28 kg ha-1), 

T4 (15.09 kg ha-1) and T8 (14.74 kg ha-1) (Fig. 14). Patani et al. (2023) reported that 

Bacillus pumilus could solubilize phosphorus in soil and could produce siderophores. 

This might be the reason for the effective absorption of P from the soil. Colonisation of 

roots by B. pumilus was found to facilitate greater absorption of P in rice (Liu et al., 

2020). The application of biochar as a soil conditioner along with fertiliser was also 

found to increase the uptake of P in okra. This increased P uptake might be due to the 

ability of biochar to adsorb nutrients from the applied fertilisers, thereby causing a slow 

release of nutrients to the soil environment (Apori et al., 2021). Dainy (2015) had 

observed the enhanced uptake of P in yard long bean with the application of tender 

coconut husk biochar at 20 t ha-1 along with PGPR (2%) and NPK fertiliser. Phares et 

al. (2022) had also observed significantly increased P uptake in maize due to co-

application of corn cob biochar, inorganic NPK fertiliser, and a mixed culture of 

Bacillus and Pseudomonas.  

Significantly higher K uptake was recorded for the treatment T7 (76.24 kg ha-1) 

and was found to be on a par with the treatments T4 (75.29 kg ha-1), T6 (74.36 kg ha-1), 

T8 (73.55 kg ha-1), and T3 (61.55 kg ha-1) (Fig. 14). The significant increase in uptake 

of K by okra might be due to the significantly higher K content in soil. Zafar-ul-Hye et 

al. (2019) observed that Bacillus amyloliquefaciens significantly enhanced the K 

concentrations in both grain and shoot of wheat, even in plants that were not conditioned 

with biochar. Shahzad et al. (2021) had also reported that the presence of Bacillus 

species in soil could enhance the availability of macro and micro nutrients from soil. 

This might be the reason for the higher uptake of K in okra by T7, T6 and T8. Xiu et al. 

(2025) had reported that the application of biochar increased the available K pools in 

soil, enhancing the forms of K that were accessible to plant roots. A similar 

improvement in K availability due to the application of biochar might have 

subsequently facilitated a significant uptake of K in okra in T6, T7 and T8 treatments. 
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Enhanced uptake of K was observed in yard long bean (Dainy, 2015) and okra (Vikram 

et al., 2024) due to the application of tender coconut husk biochar. 

5.1.5 Soil Parameters After the Harvest of Okra 

 In general, all the plants conditioned with biochar had recorded a significantly 

higher water holding capacity (WHC) in soil (Fig. 15). The treatment T8 recorded a 

significantly higher WHC of 38.61 per cent and was found to be on a..par with the 

treatments T2 (38.44%), T7 (38.06%), T6 (37.63%), T3 (34.36%) and T5 (34.27%). 

Biochar, due to its porous structure, has the ability to absorb and retain water within the 

soil matrix. Munir et al. (2025) observed that the application of biochar increased both 

mesoporosity and microporosity in soil, thereby enhancing its WHC. This structural 

improvement might be the reason for the significantly higher WHC observed in soils 

amended with biochar. Vikram et al. (2024) also observed that the application of tender 

coconut husk biochar along with FYM and RDF in okra increased the water holding 

capacity of soil.  

The treatments significantly increased the available N in soil after the harvest of 

okra (Fig. 16). Among the treatments, T8 recorded significantly higher available N 

(276.14 kg ha-1) and was found to be on a par with T6 (260.21 kg ha-1), T7 (254.89 kg 

ha-1) and T4 (244.27 kg ha-1). The porous structure of biochar created favourable 

microsites for microbial colonisation, which in turn enhanced critical soil biological 

processes such as nitrogen mineralisation, nitrification, and the solubilisation of other 

essential nutrients (Acharya et al., 2022). This might be the reason for the significantly 

higher available N content in soil for T8, T7 and T6 treatments. Bacillus velezensis plays 

an important role in the transformation of nitrogen in soil. The soil N in T8 might have 

been transformed to a more available form by Bacillus velezensis. In a study by Shi et 

al. (2022), the inoculation of peach trees with Bacillus velezensis was found to 

significantly influence the soil N availability. Ninety days post-inoculation, the 

available nitrogen content in the soil increased by 22.42 per cent. Biochar has been 

shown to reduce nitrate-nitrogen leaching, enhance the nitrate retention capacity of soil, 

and decrease soil nitrate reductase activity, denitrification intensity, and nitrogen oxide 

emissions. Collectively, these effects contribute to a reduction in nitrogen losses through 

both leaching and volatilisation (Cong et al., 2023). This finding aligns with the results 
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reported by Oluleye et al. (2023), who observed that the combined application of NPK 

fertiliser and biochar at 5 t ha-1 in okra led to a 75 per cent increase in available nitrogen 

in the soil. Gairhe et al. (2024) also reported that the application of biochar at 18 t ha-1 

in okra increased the soil nitrogen content compared to the control.  

There was no significant difference among treatments with respect to available 

phosphorus content in soil after the harvest of okra. 

The treatment T7 recorded a significantly higher available K (188.83 kg ha-1) and 

was found to be on a par with T8 (178.49 kg ha-1), T4 (170.69 kg ha-1) and T6 (167.52 

kg ha-1) (Fig. 16). Bacillus amyloliquefacins has the ability to solubilise K (Verma et 

al., 2015) in soils. The significantly higher content of available K in soil for the 

treatments T7 and T4 might be due to the increased K solubilising ability of B. 

amyloliquefaciens. Qin et al. (2017) observed that cucumber seedlings grown in 

substrates inoculated with B. amyloliquefaciens exhibited significantly higher levels of 

available K during the growth period. Gao et al. (2025) had also reported that the 

combination of Bacillus amyloliquefaciens and biochar in rice significantly enhanced 

soil available K by 45.9 per cent. In the treatments T7, T8 and T6, biochar is used as a 

soil conditioner. Biochar contains a considerable amount of water-soluble potassium, 

which is present in the form of ionic salts. Vikram et al. (2024a) had also reported that 

biochar produced from tender coconut husk had a significantly higher percentage of 

potassium. Therefore, when applied to soil, a strong K fertiliser effect is formed. When 

the exchangeable and water-soluble K content in soil increases, they are naturally 

transformed into slow-release K, which is stored in the interlayers (Xiu et al., 2025). 

This might have contributed to the significantly higher available K in T7, T8 and T6 

treatments. Acharya et al. (2022) also reported that the application of biochar in 

combination with goat manure in okra significantly improved available potassium. 

5.1.6 Microbial Population After the Harvest of Okra 

The fungal population in soil after the harvest of okra was found to be 

significantly influenced by the treatments (Fig. 17). Significantly higher fungal 

population was observed in the treatment T1 (4.58 log CFU g-1 soil), and it was on a par 

with T2 (4.53 log CFU g-1 soil). The acidic nature of the soil in the treatment T1 (5.95 
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log CFU g-1 soil) and T2 (6.01 log CFU g-1 soil) might have contributed to the observed 

fungal population. In general, the fungal population in soil was found to be significantly 

lower for seed treated plants. Some rhizobacteria tend to show anti-fungal properties, 

which might be the reason for significantly reduced soil population of fungi in the soil 

where the bacterized plants were grown (Bhattacharyya et al., 2020). 

Actinomycetes were observed to be significantly higher in T7 (5.98 log CFU g-1 

soil) and was on a par with T2 (5.91 log CFU g-1 soil), T8 (5.87 log CFU g-1 soil), T1 

(5.84 log CFU g-1 soil), T6 (5.83 log CFU g-1 soil) and T4 (5.72 log CFU g-1 soil) (Fig. 

17).  The microhabitat offered by application of biochar in T7, T2, T8 and T6 might have 

served as protection to the actinomycetes and acted as a rich source of carbon. This is 

in line with the findings of Gul et al. (2015), who explained that the internal surface 

area of biochar helped to adsorb more organic and inorganic compounds, thereby 

enhancing the mineral nutrients supply and energy to the soil microbial population. 

Actinomycetes are known to decompose the more resistant and indecomposable organic 

substances (Bhatti et al., 2017). Hence, the actinomycetes inside biochar might have 

contributed to the significantly higher values of available N, P, and K in soil (Table 14).  

5.2 ASSESSING THE RESIDUAL EFFECT OF SEED BACTERIZATION AND 

BIOCHAR AMENDMENT ON GROWTH AND YIELD OF AMARANTHUS 

5.2.1 Residual Effect of Seed Bacterization and Biochar Amendment on the Yield 

of Sequential Crop of Amaranthus 

The effect of treatments on the yield of amaranthus was not significant. The 

amaranthus variety used was KAU Vaika, which is a multi-cut variety. At harvest (40 

DAS), there was heavy rainfall (224.80 mm - Fig.1) and the experimental field was 

flooded as Onattukara region has a higher water table. Hence, a single harvest could 

only be taken, which might be the reason for the non-significant difference in yield. 

5.2.2 Residual Effect of Seed Bacterization and Biochar Amendment on the 

Nutrient Uptake of Amaranthus 

The treatment T7 (22.59 kg ha-1) recorded significantly higher N uptake by 

amaranthus and was on a par with T8 (22.26 kg ha-1), T2 (22.07 kg ha-1), T4 (21.21 kg 

ha-1) and T6 (21.10 kg ha-1) (Fig. 18). This could be attributed to the relatively higher 
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available nitrogen in the soil after the harvest of okra. In treatments T7 and T4, Bacillus 

amyloliquefaciens VLY 24 was used for seed treatment in okra. The colonisation of the 

bacteria in soil might have improved the N uptake by solubilising ammonia. Xue et al. 

(2021) had also recorded an increased nitrogen recovery rate by 19 per cent and 

decreased ammonia volatilisation loss rate by 43 per cent in Chinese cabbage with the 

application of B. amyloliquefaciens. Kuzyakov et al. (2014) reported that, due to the 

long-term stability of biochar in soil, a single application may exert prolonged effects. 

This persistent presence of biochar in the soil could be a contributing factor to the higher 

nitrogen uptake observed in treatments T7, T8, T2, and T6. This is also in confirmation 

with the findings of Cong et al. (2023), who observed that one-time application of 

biochar seven years before had significantly increased the N uptake in maize.  

Significantly higher P uptake was observed for the treatment T8 (7.30 kg ha-1) and 

was found to.be on a par with the treatments T4 (6.64 kg ha-1) and T7 (6.58 kg ha-1) (Fig. 

18). Mosela et al. (2022) reported that Bacillus velezensis has several phosphatase genes 

that govern the solubilisation of phosphorus. These mechanisms of P solubilisation and 

mineralisation might have favoured an increase in P uptake in treatment T8. Similar 

reports of increased P content in the grains of soybean following application of Bacillus 

velezensis were also reported by Vitorino et al. (2024). Cong et al. (2023) also reported 

that a one-time application of biochar had significantly increased the P uptake in maize 

even after seven years. This might be the reason for the higher P uptake observed in 

treatments T7 and T8.   

Significantly higher K uptake (22.76 kg ha-1) was recorded for the treatment T6 

and was found to be on a par with the treatments T8 (22.09 kg ha-1), T7 (19.99 kg ha-1), 

T4 (19.83 kg ha-1) and T2 (19.31 kg ha-1) (Fig. 18). Win et al. (2019) reported that the 

production of plant growth regulators at the root interface due to the inoculation of plant 

growth promoting bacteria had improved the nutrient uptake in plants. This might be 

the reason for the significantly higher K uptake in amaranthus for T6, T8, T7 and T4 

treatments. Nawaz et al. (2020) also observed an increased K uptake by wheat upon 

inoculation with B. pumilus. The application of biochar (in T6, T7, T8 and T2) might have 

conditioned the soil in retaining higher concentrations of available K (after the harvest 

of okra), which might be the reason for the higher K uptake in amaranthus. This is in 
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confirmation with the findings of Kuo et al. (2020), who had also reported that 

application of biochar could reduce leaching and increase the availability of K to plants. 

5.2.3 Residual Effect of Seed Bacterization and Biochar Amendment on the Soil 

Parameters After the Harvest of Amaranthus 

Soil parameters such as WHC, pH, EC, CEC, OC and microbial population were 

found not significant after the harvest of amaranthus. The higher rainfall of 224.80 mm 

(Fig. 1), along with the flooded condition at Onattukara during the harvest of 

amaranthus, might have caused non-significant residual effect of treatments on these 

soil parameters. 

Among the different treatments, the treatment T8 recorded significantly higher 

available N (196.48 kg ha-1) which was found to be on a par with the treatments T6 

(180.55 kg ha-1) and T7 (175.24 kg ha-1) (Fig. 19). The application of biochar might 

have retained the available N in soil which might be the reason for the significantly 

higher available N in T8, T6 and T7 treatments. Similar reports of increased absorption 

of total soluble N and increased nutrient retention capacity of soil were reported by 

Adekiya et al. (2020) due to the application of biochar. Wijitkosum et al. (2025) also 

reported that a one-time application of biochar in maize had increased the soil N up to 

the second crop cycle.  

The treatment T7 recorded significantly higher available P of 62.38 kg ha-1 (Fig. 

19). The treatment T7 was found to be on a par with the treatments T4 (61.42 kg ha-1), 

T8 (61.23 kg ha-1) and T5 (57.35 kg ha-1). The significant increase in soil available P for 

the treatments T7 and T8 might be due to the ability of biochar to adsorb plant nutrients 

on its surface and gradually release them. Frimpong et al. (2021) also observed that a 

single application of biochar in a maize, okra and cassava cropping sequence resulted 

in increased available phosphorus.   

The treatment T7 recorded significantly higher available K (128.66 kg ha-1) and 

was found to be on a par with T8 (125.72 kg ha-1), T4 (122.07 kg ha-1) and T6 (116.98 

kg ha-1) (Fig. 19). The presence of cation exchange sites on the surface of biochar 

increases the retention of available K in soil (Adekiya et al., 2020). Moreover, the higher 

porosity and larger specific surface area of biochar, as applied in treatments T7, T8 and 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

50

100

150

200

T₁ T₂ T₃ T₄ T₅ T₆ T₇ T₈

196.48

62.38

128.66

A
v
ai

la
b
le

 n
u
tr

ie
n
ts

 (
k
g
 h

a
-1

)

Available N Available P Available K

Fig. 19 Residual effect of seed bacterization and biochar amendment on available 

N, P, and K in soil after the harvest of amaranthus 
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T6, confer excellent adsorption capacity. This characteristic likely reduced the leaching 

of available K and might have accounted for the significantly increased K availability. 

Zhang et al. (2022) also reported that application of biochar had significantly enhanced 

the K availability in soil, even after four years of application. Bao et al. (2024) also 

observed that one time application of biochar along with NPK fertilisers resulted in 

higher water-soluble K in soil even after nine years.  

5.3 OKRA EQUIVALENT YIELD  

The higher okra equivalent yield was obtained with T8 (18.85 t ha-1) and was 

followed by T7 (18.75 t ha-1) and T4 (16.43 t ha-1). 

5.4 ECONOMICS OF CULTIVATION 

The results on economics of cultivation are presented in Fig. 20. The highest gross 

income (₹ 6,59,910 ha-1) was recorded for the treatment T8 (T2 + Seed treatment with 

Bacillus velezensis PCSE 10), followed by T7 (₹ 6,56,170 ha-1). Net income also 

followed the same trend. Higher net income was obtained from T8 (₹ 3,31,265 ha-1) 

followed by T7 (₹ 3,27,525 ha-1). The BC ratio was found to be higher for T8 (2.01) and 

T4 (2.01), followed by T7 (2.00). 

The present study revealed that the growth and yield of okra, followed by a 

sequential bulk crop of amaranthus, could be significantly influenced by seed treatment 

with beneficial bacteria, combined with the application of biochar (5 t ha-1), FYM (5 t 

ha-1) and the full recommended dose of nutrients under the sandy loam soil conditions 

of Onattukara.  
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6. SUMMARY 

The investigation entitled ‘Seed bacterization and biochar amendment for okra-

amaranthus cropping sequence in Onattukara Sandy Plains’ was conducted at the 

Department of Agronomy, College of Agriculture, Vellayani, during 2023-2025. The 

objectives were to assess the effect of seed bacterization and biochar amendment on the 

growth and yield of okra and to analyse the residual effect of treatments on the 

sequential crop of amaranthus in Onattukara.  

The experiment was conducted at the Instructional Farm attached to Onattukara 

Regional Agricultural Research Station (ORARS), Kayamkulam, from January to May 

2025. Okra var. Varsha Uphar was used as the first crop, followed by the bulk crop of 

amaranthus, var. KAU Vaika. The experiment was done in two parts, where in the first 

part, the experiment was laid out in a randomised block design with eight treatments, 

which were replicated thrice. The treatments were T1 (FYM 20 t ha-1 + 100% RDN 

(KAU POP)), T2 (5 t ha-1 biochar + 5 t ha-1 FYM+100% RDN), T3 (T1 + Seed treatment 

with Bacillus pumilus VLY 17), T4 (T1 + Seed treatment with Bacillus amyloliquefaciens 

VLY 24), T5 (T1 + Seed treatment with Bacillus velezensis PCSE 10), T6 (T2 + Seed 

treatment with Bacillus pumilus VLY 17), T7 (T2 + Seed treatment with Bacillus 

amyloliquefaciens VLY 24), and T8 (T2 + Seed treatment with Bacillus velezensis PCSE 

10). In the treatments T3 to T8, seeds of okra were treated with isolates of Bacillus 

pumilus VLY 17, Bacillus amyloliquefaciens VLY 24, and Bacillus velezensis PCSE 10, 

which were obtained from the Department of Agricultural Microbiology. The treated 

okra seeds were sown at a spacing of 60 cm x 30 cm. Biochar prepared from tender 

coconut husk was applied during land preparation as per treatments.  All the cultural 

practices for the crop were done as per the package of practices recommendations of 

Kerala Agricultural University.  For the sequentially cropped amaranthus, seeds were 

broadcasted in the same plots and were raised as a bulk crop without manuring. The 

observations on growth, yield, quality parameters, nutrient uptake and soil properties 

were statistically analysed, and salient findings of the study are briefed below.  

The growth attributes, viz., height of the okra plants, number of leaves per plant, 

LAI, RGR, CGR, and root volume, were significantly influenced by the combined 

application of biochar and beneficial bacteria. At 60 DAS, the treatment T7 resulted in 
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significantly taller plants (94.20 cm), higher number of leaves per plant (23.73) and 

higher LAI (3.21). The treatment T7 also resulted in significantly higher RGR during 

30-45 DAS (0.100 g g-1 d-1), 45-60 DAS (0.137 g g-1 d-1), and root volume at harvest 

(60.53 cm3). Significantly higher CGR (14.44 g m-2 d-1) was observed in T5 during 45-

60 DAS, which remained comparable with T6 (14.26 g m-2 d-1), T7 (13.33 g m-2 d-1), T4 

(13.27 g m-2 d-1), T3 (13.15 g m-2 d-1) and T8 (12.34 g m-2 d-1). This might be due to the 

combined effect of seed treatment and the application of biochar in soil, where 

beneficial bacteria might have solubilised phosphate, produced siderophores, and 

stimulated plant growth, while tender coconut husk biochar might have absorbed and 

held moisture in sandy loam soils, contributing to the increased growth attributes.  

 In general, the yield and yield attributes were found to be higher in plants that 

were conditioned with biochar (T2, T6, T7 and T8). Significantly higher number of fruits 

per plant was obtained from T8 (30.00), and was comparable with the treatment T7 

(29.00). Fruit yield per plant (608.00 g) and yield per hectare (14.09 t ha-1) were found 

to be significantly higher in T7 and were comparable with T8 treatment. The bacteria 

might have produced phytohormones, improved the nutrient mobility in soil, and 

biochar might have concentrated the nutrients near the root zone of okra, which could 

be the reason for increased fruit production. Harvest index was found to be significantly 

higher for T2 (0.72) could be due to increased biological and economic yield.  

 All the plants which received biochar produced significantly higher crude fibre 

content compared to the control. Higher crude fibre content was observed for the 

treatment T7 (16.03%). The treatments had no significant effect on vitamin C content.  

 The plants that were conditioned with biochar and treated with bacteria had 

significantly improved the uptake of N, P and K in okra. The treatment T7 significantly 

increased the N uptake (82.31 kg ha-1) and K uptake (76.24 kg ha-1) in okra, but 

significantly higher P uptake was observed for the treatment T6 (15.68 kg ha-1). This 

was found to be on a par with the treatments T7, T5, T4, and T8. Increased nutrient uptake 

and plant growth might be due to enhanced root growth and nutrient assimilation in 

plants. 
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 Among the soil parameters, treatments supplemented with biochar produced 

significantly higher WHC. The treatment T8 (38.61%) produced significantly higher 

water holding capacity and was comparable with the treatments T2, T7, T6, T3, and T5. 

The porous structure of biochar might have adsorbed and retained moisture, increasing 

the WHC. The treatment T8 recorded significantly higher available N (276.14 kg ha-1), 

while T7 recorded significantly increased available K (188.83 kg ha-1). The ability of 

bacteria to transform N and solubilise K, along with the ability of biochar to retain 

nutrients and produce a K fertiliser effect, could be the reason for increased availability 

of N and K in soil. 

 Among the microbial populations in soil after the harvest of okra, the fungal 

population was significantly higher in the treatment T1 (4.58 log CFU g-1 soil) and was 

on a par with T2, while actinomycetes were observed to be significantly higher in T7 

(5.98). 

 For sequentially cropped amaranthus, the treatments could not produce any 

significant effects on yield. The uptake of N, P and K by amaranthus was significantly 

influenced by the treatments. Treatment T7 recorded significantly higher N uptake 

(22.59 kg ha-1) and was comparable with the treatments T8, T2, T4, and T6. Significantly 

higher P uptake (7.30 kg ha-1) was recorded for the treatment T8 and was found to be on 

a par with the treatments T4 and T7, while K uptake (22.76 kg ha-1) was significantly 

higher in T6 and was comparable with T8, T7, T4, and T2.  

 Among the soil parameters, after the harvest of amaranthus, the treatment T8 

recorded significantly higher available N (196.48 kg ha-1), while the treatment T7 

recorded significantly higher available P (62.38 kg ha-1) and higher available K (128.66 

kg ha-1). 

The results of the economic analysis revealed that higher gross income (₹ 

6,59,910 ha-1) and net income (₹ 3,31,265 ha-1) were recorded for the treatment T8 

followed by T7. The BC ratio was found to be higher for T8 (2.01) and T4 (2.01), 

followed by T7 (2.00). 
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The findings of the study revealed that seed treatment with beneficial bacteria, 

combined with the application of biochar (5 t ha-1), farm yard manure (5 t ha-1), and the 

full RDN (110:35:70 kg N:P2O5:K2O ha-1), could significantly enhance the growth and 

yield of okra and the sequential bulk crop of amaranthus under sandy loam soil 

conditions of Onattukara.  

FUTURE LINES OF WORK 

• Experiment can be planned with different levels of RDN. 

• Bacterial treatments can be explored with other application methods such as 

foliar spraying, soil drenching, or root dipping. 

• The synergistic effects of biochar and bacterial inoculants can be explored to 

understand their role in soil health management.  

• The bacterial strains applied as treatments can be re-isolated to study the 

bacterial population after the crop period.    
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ABSTRACT 

The study entitled ‘Seed bacterization and biochar amendment for okra-

amaranthus cropping sequence in Onattukara Sandy Plains’ was conducted at the 

Department of Agronomy, College of Agriculture, Vellayani, during 2023-2025. The 

objectives were to assess the effect of seed bacterization and biochar amendment on the 

growth and yield of okra and to analyse the residual effect of treatments on the 

sequential crop of amaranthus in Onattukara. The experiment was conducted at the 

Instructional Farm attached to Onattukara Regional Agricultural Research Station 

(ORARS), Kayamkulam. 

The field experiment was laid out in randomised block design with eight 

treatments replicated thrice. Okra var. Varsha Uphar was raised as the first crop, 

followed by a bulk crop of amaranthus (var. KAU Vaika). The treatments were, T1: FYM 

20 t ha-1 + 100% RDN (KAU POP), T2: 5 t ha-1 biochar + 5 t ha-1 FYM + 100% RDN, 

T3: T1 + Seed treatment with Bacillus pumilus VLY 17, T4: T1 + Seed treatment with 

Bacillus amyloliquefaciens VLY 24, T5: T1 + Seed treatment with Bacillus velezensis 

PCSE 10, T6: T2 + Seed treatment with Bacillus pumilus VLY 17, T7: T2 + Seed 

treatment with Bacillus amyloliquefaciens VLY 24, and T8: T2 + Seed treatment with 

Bacillus velezensis PCSE 10. The bacterial isolates used for seed treatment were 

obtained from the Department of Agricultural Microbiology. Biochar was prepared 

from tender coconut husk and was applied as basal during land preparation for okra.  

The combined effect of biochar and seed treatment had significantly improved the 

growth, yield, quality, nutrient uptake and soil parameters of okra. At 60 DAS, the 

treatment T7 resulted in significantly taller plants (94.20 cm), higher number of leaves 

per plant (23.73) and higher LAI (3.21). The treatment T7 also resulted in significantly 

higher RGR during 30-45 DAS (0.100 g g-1 d-1), 45-60 DAS (0.137 g g-1 d-1), and root 

volume at harvest (60.53 cm3). Significantly higher CGR (14.44 g m-2 d-1) was observed 

in T5 during 45-60 DAS. 

The treatment T8 resulted in significantly more number of fruits per plant (30) and 

was on a par with T7 (29). The treatment T7 resulted in significantly higher fruit yield 

per plant (608.00 g) and yield per hectare (14.09 t), which remained comparable with 



T8 (607.33 g and 14.07 t respectively). Harvest index (0.72) was found to be 

significantly higher for T2 treatment. 

Significantly higher crude fibre content was recorded for the treatment T7 

(16.03%). The treatment T7 exhibited significantly higher N uptake (82.31 kg ha-1) and 

K uptake (76.24 kg ha-1), while the treatment T6 resulted in significantly higher P uptake 

(15.68 kg ha-1).   

The treatment T8 significantly improved the water holding capacity (38.61%) and 

available N status (276.14 kg ha-1) of soil. The treatment T7 was observed to 

significantly improve the available K (188.83 kg ha-1). Actinomycetes count (5.98 log 

CFU g-1 soil) was observed to improve significantly in T7 treatment. The fungal 

population was significantly higher in T1 (4.58 log CFU g-1 soil) and was on a par with 

T2 (4.53 log CFU g-1 soil). 

The residual effect of treatments could not produce any significant effect on the 

yield of amaranthus. However, significantly higher N, P and K uptake was observed in 

amaranthus with the treatments T7 (22.59 N kg ha-1), T8 (7.30 P kg ha-1) and T6 (22.76 

K kg ha-1), respectively. 

The treatment T8 resulted in significantly higher available N (196.48 kg ha-1) after 

the harvest of amaranthus. The treatment T7 resulted in significantly higher available P 

(62.38 kg ha-1) and available K (128.66 kg ha-1). The equivalent yield of the system was 

found to be higher in T8 (18.85 t ha-1). 

 The results on economics of cultivation revealed that T8 recorded a higher gross 

income (₹ 6,59,910 ha-1) and net income (₹ 3,31,265 ha-1), followed by T7 (₹ 6,56,170 

ha-1 and ₹ 3,27,525 ha-1), with higher BCR observed for treatments T8 (2.01) and T4 

(2.01), followed by T7 (2.00). 

The results of the present study revealed that the growth and yield of okra, 

followed by a sequential bulk crop of amaranthus, could be significantly enhanced by 

seed treatment with beneficial bacteria in combination with biochar (5 t ha-1), farm yard 

manure (5 t ha-1), and the full recommended dose of nutrients (110:35:70 kg 

N:P2O5:K2O ha-1) under the sandy loam soil conditions of Onattukara. 



സംഗ്രഹം 

ഓണാട്ടുകരയിലെ മണൽ കെർന്ന പശിമരാശി മണ്ണിൽ ലെണ്ട 

കൃഷിയുും തുടർന്നുള്ള ചീര കൃഷിയുും ലചയ്യുൊൻ വെണ്ടി ലെണ്ട 

െിത്തിൽ ബാക്ടീരിയ സുംവയാജിപ്പിച്ുും മണ്ണിവെക്കു ബവയാച്ാർ 

നൽകുന്നതുും അടിസ്ഥാനമാക്കി ഒരു ഗവെഷണ പഠനും 2023-2025 

കാെഘട്ടത്തിൽ ലെള്ളായണി കാർഷിക വകാവേജിലെ അവ്ഗാണമി 

െിഭാഗത്തിെുും ഓണാട്ടുകര ്പാവേശിക കാർഷിക ഗവെഷണ 

വക്രത്തിെുമായി നടത്തുകയുണ്ടായി. ലെണ്ട െിത്തുകൾ ബാക്ടീരിയ 

ലകാണ്്ട സുംവയാജിപ്പിക്കുന്നതു ലകാണ്ടുും മണ്ണിൽ ബവയാച്ാർ 

നൽകുന്നത് ലകാണ്ടുും ലെണ്ടയുലട െേർച്യിെുും 

െിേെിെുമുണ്ടാകുന്ന മാറ്റങ്ങൾ െിെയിരുത്തുക, തുടർന്നുള്ള ചീര 

കൃഷിയിൽ ഇെയുലട ്പഭാെും ഉവണ്ടാ എന്ന് പരിവശാധിക്കുക 

എന്നിെയായിരുന്നു ്പധാന ഗവെഷണ െക്ഷ്യങ്ങൾ. 

രണ്്ട ഘട്ടങ്ങേിൊയാണ് പരീക്ഷ്ണും നടത്തിയത്. ഒന്നാും 

െിേയായി ലെണ്ടയുലട 'െർഷ ഉപഹാർ' എന്ന ഇനെുും, തുടർന്നുള്ള 

ചീര കൃഷിക്കായി 'വെക' എന്ന ഇനെുമാണ് കൃഷിക്ക ്ഉപവയാഗിച്ത്. 

ആേയ ഘട്ടത്തിെുള്ള ലെണ്ട കൃഷിക്ക്, റാൻഡവമസ്ഡ് വലാക്ക് 

ഡിവസൻ എന്ന ഗവെഷണ രീതിയാണ്  ഉപവയാഗിച്ത്. ഇതിവെക്കായി 

എട്ട് തരത്തിെുള്ള ്ടീട്ലമന്റുകൾ മൂന്ന് തെണ 

ആെർത്തിച്ുലകാണ്ടാണ് ഗവെഷണും നടത്തിയത്. ബാസിെസ് 

പയൂമിെസ്, ബാസിെസ്  അവമവൊ െികയുവേഷയൻസ്, ബാസിെസ് 

ലെലെലസൻസിസ് എന്നിങ്ങലനയുള്ള മൂന്നു തരും ബാക്റ്റീരിയകലേ  

ഉപവയാഗിച്ുള്ള െിത്ത ് സുംസ്കരണും (seed treatment) ലെണ്ടയിൽ 

നടത്തുകയുും, ഇെ വകരേ കാർഷിക സർെകൊശാെയുലട  ശുപാർശ 

്പകാരമുള്ള െേ്പവയാഗവത്താലടാപ്പെുും, ബവയാച്ാറുും കാെിെേെുും 

വചർന്നുള്ള സുംവയാജിത െേ്പവയാഗവത്താലടാപ്പെുും 

നൽകുകയുണ്ടായി. െിത്ത ്സുംസ്കരണത്തിന് ഉപവയാഗിച് ബാക്ടീരിയൽ 

ഐലസാവെറ്റുകൾ െഭിച്ത് ലെള്ളായണി കാർഷിക വകാവേജിലെ 

അ്ഗികൾച്റൽ വമവ്കാബവയാേജി െിഭാഗത്തിൽ നിന്നാണ്. 



കരിക്കിലെ വതാണ്ടിൽ നിന്നുണ്ടാക്കിയ ബവയാചാർ ലെണ്ട കൃഷിക്ക് 

നിെലമാരുക്കുവപാൾ തലന്ന അടിെേമായി നൽകി. ലെണ്ട െിത്തിൽ 

ബാക്ടീരിയ സുംവയാജിപ്പിക്കുന്നതു ലകാണ്ടുും, ബവയാച്ാർ മണ്ണിൽ 

നൽകുന്നത് ലകാണ്ടുും, ലെണ്ടയുലട െേർച്, െിേെ്, ഗുണും എന്നിെ 

ലമച്ലപ്പടുകയുും, മണ്ണിലെ ജെസുംഭരണവശഷി, മറ്റു സവഭാെ 

സെിവശഷതകൾ, അെയിലെ സൂക്ഷ്മാണുക്കൾ എന്നിെലയ ഗണയമായി 

െർധിപ്പിക്കുന്നതായുും പഠനത്തിൽ നിന്നുും മനസിൊയി. എന്നാൽ ഈ 

ലമച്ലപ്പട്ട സാഹചരയങ്ങൾക്്ക  തുടർന്നുള്ള ചീര കൃഷിയുലട െിേെിൽ 

ഗണയമായ മാറ്റും ലകാണ്്ട െരാനായില്ല. എന്നാൽ, ഇതിെൂലട നല്ല 

െരുമാനെുും ഗുണൊഭ അനുപാതെുും (BCR) െർധിക്കുന്നതായി കണ്ടു. 

ഓണാട്ടുകരയിലെ മണൽ കെർന്ന പശിമരാശി മണ്ണിൽ ലെണ്ടയുും 

തുടർന്നുള്ള ചീര കൃഷിയുലടയുും ലമച്ലപ്പട്ട െേർച്ക്കുും െിേെിനുും 

ഗുണൊഭ അനുപാതെുും െഭിക്കുന്നതിവെക്കായി, ലെണ്ട െിത്തിൽ 

തലന്ന ബാക്ടീരിയ സുംവയാജിപ്പിച്ുും മണ്ണിവെക്കു ബവയാച്ാറുും 

കാെിെേെുും (ഒരു ലഹക്ടറിന ് 5 ടൺ െീതും എന്ന വതാതിൽ) 

നൽകുകയുും ലചയ്യണും. ഇവതാലടാപ്പും വകരേ കാർഷിക 

സർെകൊശാെയുലട ശുപാർശ ്പകാരമുള്ള മുഴുെൻ െേെുും 

(ലഹക്ടറിന് 110:35:70 കിവൊ ്ഗാും എന്ന വതാതിൽ പാകയജനകും, ഭാെഹും, 

ക്ഷ്ാരും എന്നിെ) നൽകുകയുും വെണും. 
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Appendix Ⅰ 

Weather parameters during the experimental period (January – May 2025) 

Standard week 
Mean temperature (°C) 

Total rainfall 

(mm) 
Min. Max. 

2 (08 Jan – 14 Jan) 22.50 34.50 0.00 

3 (15 Jan – 21 Jan) 22.86 34.43 0.00 

4 (22 Jan – 28 Jan) 23.29 34.43 0.00 

5 (29 Jan – 04 Feb) 23.57 34.86 0.00 

6 (05 Feb – 11 Feb) 23.29 34.57 0.00 

7 (12 Feb – 18 Feb) 23.57 35.14 0.00 

8 (19 Feb – 25 Feb) 23.57 34.57 0.00 

9 (26 Feb – 04 Mar) 23.43 34.29 1.00 

10 (05 Mar – 11 Mar) 23.29 34.29 0.00 

11 (12 Mar – 18 Mar) 23.57 34.43 0.00 

12 (19 Mar – 25 Mar) 23.43 34.29 8.50 

13 (26 Mar – 01 Apr) 23.43 34.14 8.00 

14 (02 Apr – 08 Apr) 23.43 34.43 26.70 

15 (09 Apr – 15 Apr) 23.29 34.29 22.00 

16 (16 Apr – 22 Apr) 23.29 34.00 0.00 

17 (23 Apr – 29 Apr) 23.43 34.71 33.00 

18 (30 Apr – 06 May) 23.57 34.14 0.00 

19 (07 May – 13 May) 23.57 34.29 20.00 

20 (14 May – 20 May) 23.86 33.43 79.20 

21 (21 May – 27 May) 24.29 33.71 224.80 

 

 



Appendix Ⅱ 

Average cost of inputs and market price of produce 

Cost of inputs (₹ kg-1) 

Okra seeds 2250 

Amaranthus seeds 3000 

Lime 11 

FYM 4 

Biochar 20 

Urea 10 

Rajphos 15 

MOP 35 

PP chemical 2500 

Labour charge (₹ day-1) 

Men 1000 

Women 1000 

Price of produce (₹ kg-1) 

Okra 35 

Amaranthus 30 
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