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ABSTRACT 

The research work was conducted in the research field of the Department of Soil Science, 

Hajee Mohammad Danesh Science and Technology University (HSTU), Dinajpur during 

November 2022 to January 2023 to study the residual effect of biochar with reduced doses of 

chemical fertilizers on the soil properties, growth and yield response of okra (Local variety: 

Heera). The experimental soil belongs to the Old Himalayan Piedmont Plain (AEZ-1). The 

experiment was laid out in the randomized complete block design (RCBD) having eleven 

(11) treatments with three replications. The treatments were T1 = No residual biochar + No 

chemical fertilizer (Control), T2 = 100% RDF (Recommended Dose of Fertilizers), T3 = 50% 

RDF + Residual 20 t ha
-1

 Rice Husk biochar, T4 = 50% RDF + Residual 20 t ha
-1

 Sawdust 

biochar, T5 = 50% RDF + Residual 20 t ha
-1

 Biochar enriched organic fertilizer (OF), T6 = 

75% RDF + Residual 15 t ha
-1

 Rice Husk biochar, T7 = 75 % RDF  + Residual 15 t ha
-1

 

Sawdust biochar, T8 = 75% RDF + Residual 15 t ha
-1

 Biochar enriched organic fertilizer 

(OF), T9 = 100% RDF + Residual 10 t ha
-1

 Rice Husk biochar, T10 = 100% RDF + Residual 

10 t ha
-1

 Sawdust biochar,  T11 = 100% RDF  + Residual 10 t ha
-1

 Biochar enriched organic 

fertilizer (OF). The results showed that the growth and yield attributing components such as 

plant height, number of fruit plant
-1

, marketable fruit weight plant
-1

, fruit weight plot
-1

, fruit 

length, fresh shoot biomass plant
-1

, dry shoot biomass plant
-1

, root length, fresh root weight, 

dry root weight responded significantly except fruit breadth due to the application of different 

level of chemical fertilizers along with different level of residual biochar combination. The 

highest values of different parameters such as plant height (74.2 cm), number of fruit plant
-1

 

(16.6), marketable fruit weight plant
-1 

(197.8 g), fruit weight plot
-1

 (1.18 kg), fruit length 

(11.3 cm), fruit breadth (5.0 cm), fresh shoot biomass plant
-1

 (181.5 g), dry shoot biomass 

plant
-1

 (30.8 g) were obtained in T11 treatment where 100% RDF + Residual 10 t ha
-1

 Biochar 

enriched organic fertilizer (OF) were applied. The lowest results were found in the control 

treatment (T1). In post- harvest soil, the treatments (T4 and T5) receiving high amount (20               

t ha
-1

) of biochar gave the highest amount of total N, available P, exchangeable K, available 

S, organic carbon (OC) and organic matter (OM). In case of pH the highest (7.31) was found 

in T5 treatment. The residual effect of biochar with reduced doses of chemical fertilizers 

might be better for sustainable soil health for growing crops. Overall, the results suggested 

that reduced doses of chemical fertilizers in previous biochar incorporated field can be better 

for cultivation of okra in respect to higher yield response and might be advantageous 

cultivation of crops in the next year. 
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CHAPTER I 

INTRODUCTION 

 

Okra (Abelmoschus esculentus) is a member of the Malvaceae Family and is also known as 

Lady’s finger. It is an annual vegetable crop grown from seed. It is mostly grown in tropical 

and subtropical part of India as a warm season vegetable crops, require warm nights (> 20ºC) 

for proper growth and development (Seth et al., 2017). Okra is probably originated in tropical 

Africa or possibly tropical Asia and is now widely grown throughout the tropics (Tindall, 

1988). The crop is well distributed throughout the Indian subcontinent and East Asia (Rashid, 

1999). Okra is popular due to its healthy aspects, such as high fiber, antioxidants, vitamin C, 

minerals, potassium, and calcium. It is also important as a medicinal plant for plasma 

replacement (Kumar et al., 2013; Sorapong, 2012). It also contains carbohydrate, proteins and 

vitamin-c in large quantities (Adeboye and Oputa, 1996). The essential and non-essential 

amino acids that okra contains are comparable to that of soybean. Hence it plays a vital role 

in human diet. Okra mucilage is suitable for medicinal and industrial applications. Okra 

leaves are medicinal and can be used as a curative medicine against ulcer and haemorrhage 

(Khetran et al., 2016).  It has medically found application as a plasma replacement or blood 

volume expander. Industrially, okra mucilage is usually used in to glace certain papers and 

also useful in confectionery among other uses (Markose and Peter, 1990). In Bangladesh 

vegetable production is not uniform round the year. Vegetables are plenty in winter, but are 

lower in summer. The total vegetable production, around 30% is produced during kharif 

season (April to September) and 70% is produced in Rabi season (October to March) (Annon, 

1993). Total production of okra was about 54183 metric tons from 28647 acres of land in 

Bangladesh (BBS, 2019). Though okra is popular in the country, its production is mainly 

concentrated during summer. So, okra can get an importance in summer as vegetable. 

Biochar is fine grained charcoal like materials, rich in carbon, produced by the process 

pyrolysis of biomass at temperatures between 300 °C and 600 °C in absence of oxygen. It is 

said that biochar can endure in soil for thousands of years (Julie, 2010). It has been reported 

that use of charcoal as a fuel replacing wood leads to lower levels of household indoor 

pollution (Bailis et al., 2005). The application of different biochar (charcoal or biomass 

derived black carbon) and biochar based organic fertilizers to agricultural soil is proposed as 

a novel approach to improve soil fertility, improve soil water holding capacity and 

consequently moisture retention, and to increase crop production of newly reclaimed sandy 
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soil (Bakry et al., 2015). Biochar is a stable form of carbon has complex of physical and 

chemical properties which make it a potentially powerful soil amendment material (Mutezo, 

2013). It can act as a soil conditioner enhances the growth of the plants by supplying and 

more specifically retaining nutrients and improving soil physical and biological properties 

and consequently improving soil water holding capacity (Lehmann and Rondon, 2005). 

Biochar is produced from a variety of biomass residues (feedstocks) and under different 

pyrolytic conditions, and thus has varying nutrient contents. For example, in case of biochar 

produced from feedstocks of animal higher amount of nitrogen and phosphorus in compare to 

plant origin (Chan and Xu, 2009). 

Growth, yield and quality of okra depend on nutrient availability in soil, which is related to 

the judicious application of manures and fertilizers. Nutrient may he applied through two 

sources viz, organic and inorganic. Increased use of inorganic fertilizer in crop production 

creates problem to the environment including the pollution of air, water and soil. Continuous 

use of chemical fertilizers badly affects the soil, structure, color, aeration, water holding 

capacity and microbial activity of soil. Organic matter content of good and healthy soil is 

reported to be more than 3%. But in Bangladesh soil of most regions has less than 1.0%. For 

continuous cropping, organic manures applied to the crop fields through cowdung, poultry 

litter, firm yard manure, oil cake, compost, ash, green manure etc. are insufficient. The 

declining productivity of soil is mainly attributed to poor soil fertility, low pH, organic matter 

(OM), cation exchange capacity (CEC), base saturation, available nutrients. Inappropriate use 

of chemical and organic fertilizers and the lack of improved crop management practices by 

farmers resulting the reduced yield of okra.  Now-a-days, gradual deficiency in soil organic 

matter and reduced yield of crops are alarming factors and burning issues for the sustainable 

production system. 

In Bangladesh, the yield of okra is very low due to improper management of fertilizers and 

cultural practices. Soil is the greatest resources of nature and is the only natural medium for 

plant growth or crop production. But the soil fertility deterioration is the major constrain for 

sustainable crop production in many countries as well as in Bangladesh. Intensive use of land 

without proper and balanced use of chemical fertilizers with little or no use of organic matters 

resulting in severe fertility deterioration of the soils of Bangladesh. With the introduction of 

modern farming practices, farmers of Bangladesh use chemical fertilizer for their crop 

production annually averaging 172 kg nutrients ha
-1

 but the average crop removal is about 

250 kg ha
-1

 (Islam et al., 2002). So, the integrated application of inorganic and organic 
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fertilizers, usually termed integrated nutrient management, is widely recognized as a way of 

enhancing yield and improving productivity of the soil and in a sustainable way. Integrated 

use of chemical fertilizers and some of organic sources such as cowdung, vermicompost, 

farm yard manure (FYM), biochar that can increase the effectiveness of fertilizers, yield of 

okra and may improve soil physico-chemical properties. There have been reports that biochar 

in combination with inorganic fertilizers had shown significant increase in yield of cowpea, 

maize and peanut etc. (Yamato et al., 2006), paddy (Zhang et al., 2012), spring barley, winter 

wheat, carrots, spinach, oilseed rape, peas and beetroot (Hammond et al., 2013). 

The prices of chemical fertilizers are increasing day by day with the reduction of the qualities 

of soil properties. Also, a limited number of biochar and residual effects of biochar researches 

have been conducted in Bangladesh which leads to its scope and opportunities in Bangladesh. 

That is why this study was conducted to observe the following objectives: 

i. To evaluate the effect of reduced doses of chemical fertilizers with residual biochar 

on the growth and yield of okra; 

ii. To study the effect of residual biochar and reduced doses of chemical fertilizers on the 

postharvest soil properties. 
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CHAPTER II 

REVIEW OF LITERATURE 

Okra (Abelmoschus esculentus L.) is one of the most important vegetable crops in the world. 

It is quite widespread in different regions of the world and seems to grow well in tropical and 

sub- tropical or warm temperate regions. Various works on okra have been done in different 

regions of the world including Bangladesh. We have scanty information about the effect of 

biochar and reduced doses of chemical fertilizers on soil properties, growth, and yield 

response of okra. Therefore, some important research findings relevant to the present study 

have been reviewed and presented in this chapter: 

2.1 Effect of biochar on growth and yield of okra  

Reddy et al. (2022) conducted a field experiment at Naini Agricultural Institute in Research 

Farm, Department of Soil Science and Agricultural Chemistry, SHUATS, Prayagraj. In the 

research trial, the experiment was laid in randomized block design with nine treatments and 

three replications. The okra was planted at a spacing of 30 cm × 15 cm. Growth parameters 

were collected on plant height (cm), number of leaves plant
-1

, number of fruits plant
-1

, weight 

of the fruit (g), length of the fruit (cm) and yield of okra fruits (q ha
-1

). The results revealed 

that the combination of different treatments showed a significant effect on growth and yield 

parameters with protein and chlorophyll content of okra. Hence, it was concluded that the 

combination of NPK and biochar was found to be useful for okra crop in terms of growth and 

yield parameters under the prevailing conditions of the study area. 

Acharya et al. (2022) found that biochar blended with goat manure (BM) showed the highest 

effect on soil fertility and fruit yield of okra. BM (51.8 t ha
-1

) increased fruit yield by 89% 

over CK (27.4 t ha
-1

) and by 88% over F (27 t ha
-1

). Similarly, cow urine-enriched biochar 

(BCU) (35 t ha
-1

) increased fruit yield by 29% and 28% compared to CK and F, respectively. 

Soil pH, OC, and nutrient availability (total N, available P, and available K) showed a 

significantly positive relationship with fruit yield. The study suggests that using biochar-

based organic fertilizers, such as BCU and BM, could outperform recommended mineral 

fertilizers (F) and produce higher yields and healthy soils, thereby contributing to mitigating 

the current food security and environmental concerns of the country. 
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De et al. (2020) conducted a field experiment  on okra at the experimental station of the 

Federal University of Sergipe (UFS), located in the municipality of São Cristovão / SE, 

Northeast Brazil (about10°55 '46 "S; 37°06' 13"W) in   randomized blocks,  with  6  

treatments  (CHB + BSS-coconut  husk  biochar  +  biochar  of  sewage  sludge,  CHB + 

RSS-coconut  husk  biochar  +  raw  sewage sludge,  BSS + RSS-biochar    of  sewage  

sludge  +  raw  sewage  sludge,  CHB-coconut  husk  biochar,  BSS-biochar of  sewage  

sludge,  WB-without  biochar  (control). Plant height numbers of fruits plant-1, yield and 

water use productivity were evaluated. The BSS + RSS and BSS treatments provided better 

results on okra production and growth characteristics with a 421.15% and 419% productivity 

increase, respectively, compared to the control treatment. The BSS and BSS + RSS 

treatments provided better water productivity, with   values of 14.5 and 13.3 kilogram 

produced for each cubic meter of water applied, respectively.  

Yakubu et al. (2020) examined the combined effect of rice straw biochar and irrigation on 

yield, water productivity, and phosphorus (P) uptake of okra (Abelmoschus esculentus L.) 

grown on a sandy clay loam soil in the dry season. Biochar was applied at 0, 5, 10 Mg ha
-1

, 

and 10 Mg ha
-1

 biochar fortified with P (10 Mg ha
-1

 P) under full irrigation (FI) and deficit 

irrigation (DI) and replicated in each growing season for three years. Under DI, the 10 Mg ha
-

1
 and 10 Mg ha

-1 
(P) biochar treatments significantly (p < .05) increased okra fresh fruit yield 

(YFF) by 67 and 82% but had no impact on total aboveground biomass yield (YTBM) in the 

first growing season. Biochar at 5 Mg ha
-1

 had no impact on okra yield. Okra yield was 

higher under biochar fortified with P compared to the traditional method of applying P alone, 

e.g., 30 Mg ha
-1 

(P) produced significantly higher YTBM than 30 Mg ha
-1

 under DI.  

Akpa et al. (2019) evaluated a field experiment on the effect of combined application rates of 

cowdung and biochar on the growth and development of okra. The experiment was conducted 

at the Research Farm, Nasarawa State University Lafia, Nigeria, during the rainy season of 

2018. The experimental design employed was a Randomized Complete Block Design 

(RCBD) involving 3 levels of cowdung (0, 8 and 12 t ha
-1

) and 3 levels of biochar (0, 4 and 6 

t ha
-1

) at different combinations. The experiment was replicated three times with a total 

number of 27 plots. Data were collected on plant height (cm), stem girth, number of leaves 

and leaves area. The data collected were subjected to statistical analysis of variance. 

Specifically, T8 (comprising of 12 t ha
-1 

cow dung and 8 t ha
-1

 biochar) produced the tallest 

plants at 4 WAP, 6 WAP, 7 WAP and 8 WAP. The treatment T8 also produced plants with 



 

6 

the highest leaves area (119.40 cm
2
, 225.49 cm

2
, 342.96 cm

2
 and 387.00 cm

2
) at 5 WAP, 6 

WAP, 7 WAP and 8 WAP, respectively. Results obtained from the study showed that 

combination of cowdung and biochar support good growth and the parameters measured were 

significantly enhanced at all the sampling periods. It can therefore be recommended that 

combination of cowdung and biochar at 12 t ha
-1

 and 8 t ha
-1

, respectively is necessary for 

effective growth and development of okra. 

Onwuka and Nwangwu (2016) investigated the effect of biochar produced from different 

animal and plant wastes on growth and yield of okra plant. The treatments were a control 

(without biochar) and biochar produced from animal wastes sources namely; bone waste, cow 

dung, goat droppings, pig waste and poultry droppings. Others were produced from plant 

wastes sources namely; cocoa pod, palm bunch, saw dust, rice mill husk, ukpo shell (Mucuna 

flagellipes) and wood shaving. The treatments were applied at the rate of 3 t ha
-1

 (whose 

equivalent was 86 g) to 10 kg of soil weighed into pots and replicated 4 times in a 

Completely Randomized Design. The test crop was okra (Abelmoschus esculenta) and the 

effects of the treatments were determined on its top biomass dry matter yield, number of 

leaves, the height, stem girth at 2, 4, 6 and 8 weeks after planting. Biochar produced from 

poultry manure feedstock significantly (p ≤ 0.05) increased the plant height at eight weeks 

after planting among the animal feedstock biochar. It gave a value of 50.68 cm over that of 

the control which was 25.8cm. Among the plant feedstocks biochar, the application of ukpo 

shell (Mucuna flagellipes) significantly (p ≤ 0.05) increased the plant top biomass dry matter 

yield with a value of 8.1 g pot
-1

 as compared to the control value of 4.4 g pot
-1

. The top 

biomass dry matter significantly (p ≤ 0.05) and correlated positively with number of leaves 

and plant height. The result showed that among the animal feedstock and plant feedstock 

biochar, poultry manure and ukpo shell (Mucuna flagellipes) respectively improved most of 

the plant parameters measured.  

Bishwoyog et al. (2015) showed that number of pod plant
-1

, number of seed pod
-1

 and 

biomass (t ha
-1

) were significantly affected by application of biochar of different origin. 

Application of rice husk biochar had higher effect on number of pod plant
-1

, no of seed pod
-1

, 

biomass (t ha
-1

) and green pod yield (t ha
-1

). 
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2.2 Effect of biochar on soil properties  

Azman et al.  (2023) stated that soil fertility can be improved by incorporating organic matter 

such as biochar and compost. The combined addition of biochar and compost effectively 

restores soil degradation by enhancing nutrient availability, soil aggregation, and porosity. 

Nonetheless, many studies mainly concentrated on a single application of biochar and 

compost as a soil amendment. The biochar samples were prepared from oil palm empty fruit 

bunch (OPEFB) material at the desired microwave power (450 W) under 1 L min
-1

 of N2 flow 

for 10 min. Then, sandy soil was amended with 5 g of sole biochar and compost, as well as a 

biochar-compost mixture at a ratio of 1:1 for 8-weeks polybag experiment of okra plants. At 

4 weeks of the plantation, the physical and chemical soil properties were analyzed.  The 

application of biochar and composts alone and in combination significantly improved soil 

physicochemical properties and plant growth compared to control soil. The synergetic 

positive effect of biochar and compost combination resulting lowered soil bulk density with 

higher soil porosity, moisture content, and nutrients availability.  

Dimande et al. (2023) studied the effect of bat guano and biochar on okra yield and some soil 

properties. Bat guano was applied at two rates (5 and 10 t ha
-1

) just before sowing. It was also 

applied at the same rates one month before sowing. Biochar was used at two rates (5 and 10 t 

ha
-1

) and was applied at sowing. Biochar and guano were mixed at the rates of 1 and 4 t ha
-

1
 and 2 and 8 t ha

-1
, respectively, and applied at sowing. The experiment also used a non-

fertilized control. Field trials were arranged in a completely randomized design with three 

replicates. The treatments that received high rates of guano tended to show significantly 

higher fruit yields (> 10 t ha
-1

 as the two-year average) in comparison with the control, which 

showed the lowest average okra fruit yield (6.21 t ha
−1

). In the guano treatments, the apparent 

recovery by okra of some important nutrients, such as N, was greater than the amount of the 

nutrient contained in the guano itself. The use of biochar increased the total organic C in the 

soil and cation exchange capacity (CEC) compared with the control but did not affect the 

variables related to plant performance. Overall, the results showed that farmers can benefit 

from the use of guano in the short term because it releases nutrients, while with the use of 

biochar, the benefits can arise in the long term by improving the soil properties. 

Acharya et al. (2022) conducted an experiment potential of biochar-based organic fertilizers 

on increasing soil fertility, available nutrients, and okra productivity in slightly acidic sandy 

loam soil. Seven treatments with three replicates were arranged in a completely randomized 
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design (CRD). Three treatments included biochar-blended formulations (i) biochar mixed 

with mineral NPK fertilizer (BF), (ii) biochar mixed with vermicompost (BV), and (iii) 

biochar mixed with goat manure (BM); two treatments included biochar enrichment 

formulations (iv) biochar enriched with cow urine (BCU) and (v) biochar enriched with 

mineral NPK fertilizer in aqueous solution (BFW), and the remaining two included control 

treatments; (vi) control (CK: no biochar and no fertilizers) and (vii) fertilized control (F: only 

recommended NPK fertilizer and no biochar). Mineral NPK fertilizers in BF, BFW, and F 

were applied at the recommended rate as urea, di-ammonium phosphate (DAP), and muriate 

of potash (MOP). Organic fertilizers in BV, BM, and BCU treatments were applied in equal 

quantities. All biochar-amended treatments showed improved soil chemical properties with 

higher pH, organic carbon, total N, and available P and K compared to the two non-biochar 

control plots (CK and F). 

Adamu and Junaidu (2021) investigate the effect of biochar and supplementary application of 

micronutrient on soil and growth of okra. Biochar and micronutrient at different rate were 

considered: control (0%), 4 t ha
-1

 biochar, 16 t ha
-1 

biochar, 4 t ha
-1

 biochar + 1 L ha
-1

 

micronutrient, 16 t ha
-1

 biochar + ½ L ha
-1

 micronutrient, 4 t ha
-1

 biochar + ½ L ha
-1

 

micronutrient and 16 t ha
-1

 biochar + ½ L ha
-1

 micronutrient. The experiments were laid out 

and the seven treatments arranged in a randomized complete block design (RCBD) and 

replicated three times. Biochar was drill into the first 5 cm of the soil. Micronutrient 

application was first done two (2) weeks after planting, and this was followed weekly. All 

soil samples collected were analyzed using standard laboratory soil analysis procedures. 

Results showed that 16 t ha
-1

 biochar significantly (p < 0.05) increased the percentage organic 

carbon, organic matter, cation exchange capacity, nitrogen, and pH of the soil. 

De et al. (2020) found that all soil chemical characteristics analyzed were modified when the 

biochar was incorporated into the soil. The results provide valuable insight that okra growers 

can embrace the use of the combination BSS+RSS and BSS, providing better yields and 

lower water use in growing this plant. 

Riaz et al. (2018) conducted an experiment to explore the impacts of sugarcane waste straw 

biochar on soil characteristics and some agronomic traits of okra. The experiment was carried 

out with four treatments, i.e., control, sugarcane waste straw biochar (10 t ha
-1

), farmyard 

manure (FYM, 10 t ha
-1

), and chemical fertilizers (NPK; 120:100:80 kg ha
-1

) having three 

replications of each treatment. Soil samples were tested for texture, bulk density, particle 
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density, pH, electrical conductivity (EC), organic matter content, nitrate nitrogen (NO3
-
-N), 

and extractable-P. The sugarcane waste straw biochar was characterized for plant major 

nutrient elements. The impact of various treatments was observed on soils and agronomic 

traits of okra like plant height, fruit size, fruit length, and yield of okra. Results revealed that 

sugarcane waste straw biochar expressed higher EC value and noticeable amounts of nitrogen 

(N), phosphorus (P), potassium (K), sulfur (S), and magnesium (Mg). The sugarcane waste 

straw biochar, in comparison with FYM and NPK, significantly improved the NO3
-
-N, 

extractable-P, OM and EC of the calcareous soil, and reduced the soil bulk density. 

Furthermore, plant growth and yield parameters were significantly improved under biochar 

application over the control, FYM and NPK. Overall, sugarcane waste straw biochar proved 

to be a good alternative to conventional organic and inorganic fertilizers under calcareous soil 

conditions. 

Bishwoyog et al. (2015) conducted a field experiment at the Horticulture farm of Paklihawa 

Campus, Institute of Agriculture and Animal Science, Rupandehi district to observe the effect 

of biochar from different origin on physio-chemical properties of soil and yield of garden pea 

(Pisum sativum L.). The experiment was laid out in a Randomized Complete Block Design 

with four replications. A set up constituted of various treatments viz. rice husk biochar, 

poultry manure biochar and sheep manure biochar, farmyard manure biochar and wood 

biochar along with the control group). Biochar of poultry manure and of sheep manure had 

almost similar effect on soil nitrogen as of other types of biochar, while higher effect on soil 

phosphorus and potassium as compared to other biochar. Biochar of sheep manure had higher 

organic matter content and carbon percentage in soil than all other application of biochar. 

Application of all types of biochar showed highly significant results on bulk density and 

particle density. It was found that biochar of rice husk had greater particle density 2.61 g cm
-3

 

and all the application had decreased bulk density except that of biochar prepared from wood. 

Thus, the soil where biochar was applied was used. 

Remesh (2008) studied that the use of organic manures particularly biochar are the only 

option to improve the soil organic carbon for sustenance of soil quality and future 

productivity. 

Chan (2007) conducted an experiment using poultry litter biochar as soil amendments. Two 

biochars produced from poultry litter under different conditions were tested in a pot trial by 

assessing the yield of radish (Raphanus sativus var. Long Scarlet) as well as the soil quality 
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of a hard setting Chromosol (Alfisol). Four rates of biochar (0, 10, 25, and 50 t ha
-1

), with and 

without nitrogen application (100 kg N ha
-1

) were investigated. Biochar addition to the hard 

setting soil resulted in significant but different changes in soil chemical and physical 

properties, including increases in C, N, pH, and available P. 

2.3 Effect of chemical fertilizer on growth and yield of okra 

Khandaker et al. (2017) observed the effects of different application rates of inorganic 

fertilizers on growth, yield and quality of okra (Abelmoschus esculentus L.) under BRIS soil 

condition. The field experiment was conducted during July, 2014 to April, 2015 at the 

teaching and research farm of University Sultan Zainal Abidin (UniSZA), Besut Campus, 

Terengganu. Performance of okra variety Singa 979 was assessed by application of NPK at 

different rates 0 kg ha
-1

 (control), 150 kg ha
-1

, 170 kg ha
-1

, 190 kg ha
-1

 and 210 kg ha
-1

. The 

treatments were fitted in a randomized complete block design (RCBD) and replicated thrice. 

Data collected for growth and yield performances included plant height, number of leaf plant
-

1
, leaf area, number of branch plant

-1
, chlorophyll content, photosynthesis rate, transpiration 

rate, internal CO2, stomatal conductance, number of flower plant
-1

, number of pod plant
-1

, 

weight of pod, number of seed pod
-1

 and total soluble solid (TSS) of the pods. Based on the 

results obtained from this experiment, application of NPK at the rates of 190 kg ha
-1

 and 210 

kg ha
-1

 shows the highest growth and yield performance. It is followed by application of 170 

kg ha
-1

 and 150 kg NPK ha
-1

 in decreasing manner. No application of NPK showed the 

lowest growth and yield response. The significance of this research was to study the 

minimum rate of NPK on the effect on okra ground around the seashore of Terengganu or in 

BRIS soil. 

Choudhary et al. (2015) conducted a field experiment at Regional Horticultural Research 

Station, Navsari Agricultural University, Navsari (Gujarat) during rabi season of 2010 to 

assess the effect of chemical fertilizers along with biofertilizers on okra in terms of growth 

and yield. Among the different treatments maximum plant height (96.03 cm), pod weight 

(11.53 g), girth of pod (4.88 cm), yield plant
-1

 (139.39 g) and yield ha
-1

 (10324.94 kg) were 

observed in treatment receiving Azospirillum 5 kg ha
-1

 + RD NPK. The plants under the 

treatment of PSB 5 kg ha
-1 

+ RD NPK through chemical fertilizers had the highest length of 

pod (12.03 cm). Whereas the treatment of VAM 15 kg ha
-1

 + 75% P + 100% NK through 

chemical fertilizers had the highest number of pods plant
-1 

(13.11). The study led to the 

conclusion that the maximum growth parameters, highest yield and yield attributing 
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characters of okra could be achieved by judicious application of biofertilizers and chemical 

fertilizers. 

Prasad and Naik (2013) conducted an experiment at Horticultural Research Station, 

Mondouri, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia in West Bengal during 

rabi season of 2007-08 with objectives to find out the suitable combination of biofertilizers 

(Azotobacter, Azospirillium and Phosphate  Solubilizing Bacteria (PSB) in presence or 

absence of FYM (15 t ha
-1

) and two levels of graded NPK fertilizers (80-60-50 and 40-30-25 

N, P2O5, K2O kg ha
-1

) on the growth and fruit yield of okra cv. Arka Anamika (Abelmoschus 

esculentus) and the availability status of N, P and K in soil considering the growth, yield and 

quality parameters data revealed that significantly minimum height of plant was recorded by 

the application of PSB + FYM. In respect of plant height at 30 days, plant height at 60 days, 

number of branches, number of leaves, number of fruits, fruit length, fruit diameter, fruit 

yield per plot and fruit yield per ha were significantly maximum in the plant receiving 50% 

recommended dose of fertilizer (RDF) + Azotobacter + Azospirillum + PSB + FYM with 

good yield (196.97 q ha
-1

) and export fruit quality of okra. 

Mubashir et al. (2010) evaluated the effects of N on the growth and nitrate accumulation of 

okra (Hibiscus esculents L. cv. Sabz pari) and carrot (Daucus carota L. cv. T29). Treatments 

consisted of a control, 100, 150 and 200 kg N ha
-1

. Significantly higher yields of carrot and 

okra were recorded at 150 kg N ha
-1

. Nitrate concentration in both of the crops increased (> 

35 to 200%) with increasing N. An excessive nitrate accumulation in both was recorded at 

200 kg N ha
-1

. Okra had 1.7 times higher nitrate accumulation than carrot. Early season okra 

had a significantly higher nitrate (~10%) than late season. Gross income and profitable return 

responded quadratically with increasing N. Results suggest that N fertilization of carrot and 

okra at 150 kg N ha
-1

 is optimum for economical yields with less accumulation of nitrate in 

vegetables. 

2.4 Effect of chemical fertilizer on soil properties  

Adekiya et al. (2019) conducted an experiment on the impact of different green manures and 

NPK 15-15-15 fertilizer on soil properties, growth, yield, mineral and vitamin C composition 

of okra (Abelmoschus esculentus). The experiment each year consisted of four green manure 

(GM) types of Pawpaw (Carica papaya L.) leaves, Neem (Azadirachta indica) leaves, 

Moringa (Moringa oleifera) leaves, and Mesquite (Prosopis africana) Taubert leaves, NPK 

15-15-15 fertilizer and a control. The six treatments were arranged in a randomized complete 
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block design with four replications. Application of GMs reduced soil bulk density and 

increased soil organic matter (OM), N, P, K, Ca, Mg, growth and yield of okra compared 

with the control. NPK fertilizer did not reduce soil bulk density and increase soil OM, but did 

increase soil N, P, K, Ca, Mg, growth and yield of okra compared with the control. 

Gupta et al. (2019) conducted a field experiment to investigate the effect of organic manures 

viz. vermicompost and farmyard manure (FYM) in combination with inorganic fertilizers on 

yield, nutrient uptake by okra (Abelmoschus esculentus L.) and on soil biochemical properties 

in inceptisol for consecutive two years. The treatments were: T1 = control; T2 = 100% NPK 

alone; T3 = 100% NPK + 5 t FYM ha
-1

; T4 = 100% NPK + 10 t FYM ha
-1

; T5 = 100% NPK + 

5 t vermicompost ha
-1

; T6 = 100% NPK + 10 t vermicompost ha
-1

. The highest yield of okra 

was recorded under T6 during both the years. The treatments with the same quantity of 

vermicompost recorded higher yield in comparison to FYM. Application of vermicompost @ 

10 t ha
-1

 (T6) also increased N uptake over 100% NPK alone (T2) by 64 and 68% by okra 

during both the consecutive years, respectively. The corresponding increase in P uptake was 

108 and 88% whereas in case of K, it was 85 and 128%. The highest soil available N, P and 

K content was observed with T6, as 300, 27.7 and 340 kg ha
-1

. The treatment T6 also 

increased organic carbon content over 100% NPK treated plots (T2) by 61%. 

Agbede et al. (2019) carried out a field experiments were during 2015 and 2016 cropping 

seasons to compare impacts of GM and NPK (15:15:15) fertilizer on soil properties, growth, 

fruit yield, mineral, lycopene and vitamin C contents of tomato (Lycopersicon esculentum). 

GMs were composed by green tender stems and leaves of pawpaw (Carica papaya L.), neem 

(Azadirachta indica), moringa (Moringa oleifera) or gliricidia (Gliricidia sepium) and 

applied at 5 Mg ha
−1

, whereas NPK was applied at 300 kg ha
−1

 and there was a no fertilizer 

plot (control). Application of GMs reduced soil bulk density and increased soil OM, N, P, K, 

Ca, Mg, growth, number of fruits and fruit yield of tomato compared with the control. NPK 

fertilizer had no effect on soil bulk density and soil OM, but it increased soil fertility and 

tomato yield as compared with the control. When comparing treatments, the highest tomato 

yield and best cost: benefit ratio were obtained with gliricidia as GM. The GMs and NPK 

fertilizer increased mineral, lycopene and vitamin C contents in tomato fruits and the highest 

K, Ca, Fe, Zn, Cu, lycopene and vitamin C contents in tomato fruits were found with moringa 

as GM. Our results revealed that GM has potential to improve soil properties, tomato yield 

and quality, being an alternative for cropping management. 
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Shahbaz et al. (2019) investigated the growth response and yield production of okra fertilized 

with various combinations of bioslurry and nitrogen fertilizer. The experiment was planned 

according to randomized complete block design with 3 replications. Bioslurry was analyzed 

for its composition and was applied at the rate of 600 kg ha
-1 

along with 50%, 75%, and 

100% of the recommended dose of N fertilizer for the production of okra. Phosphorus and 

potassium fertilizers were added according to recommended rates ha
-1

. Compared to 

inorganic N alone, the application of bioslurry alongside NPK fertilizers applied at reduced 

rates significantly increased the okra fruit yield as a consequence of 14%, 31% enhanced 

plant height, 12% - 14% additional branches per plant, and 25% - 36% more fruits per plant. 

Moreover, bioslurry improved root length by 13% - 45%, which resulted in an increased N 

uptake by plants and improved N use efficiency. Their results also suggested that the 

application of bioslurry alongside reduced rates of N fertilizer is a viable strategy for the 

sustainable production of okra, especially under semiarid climatic conditions. 

Abbas et al. (2019) examined the effect of different forms of fertilizers (organic and 

inorganic) on the yield and physiochemical attributes of okra (Abelmoschus esculentus). This 

experiment was laid out in the field area of soil and water testing laboratory for research, 

Bahawalpur in growing seasons from July to October of 2017. Treatments were arranged in 

two factorial Completely Randomized Block Design (CRBD) fashion with three replications 

and six treatments. Treatments are arranged as control T1 (without fertilizer + no poultry 

manure + no compost), T2 (NPK full dose of 150 kg ha
-1 

N, 75 kg ha
-1 

P and 60 kg ha
-1 

K), T3 

(full dose of poultry manure @ 30 t ha
-1

), T4 (50% NPK + 50% poultry manure i.e., 75 kg ha
-1  

N, 37.5 kg ha
-1 

P and 30 kg ha
-1

 K + 15 t ha
-1

 PM), T5 (full dose compost @ 30 t ha
-1

), T6 

(50% NPK+ 50% compost i.e. 75 kg ha
-1

 N, 37.5 kg ha
-1

 P and 30 kg ha
-1

 K + 15 t ha
-1

 

compost). Plants growth and yield parameters were determined like the total number of 

leaves plant
-1

, plant height, fruit length, root and shoot dry weight, fresh fruit weight, the total 

number of fruits plant
-1

, fruit yield and total yield increase. No significant increase was 

observed in the yield and growth of okra under control and full NPK fertilizer treatment. 

Application of organic fertilizers like poultry manure and compost as well as its mixture with 

full NPK considerably increase the growth and total yield attributes of okra. 

Gupta et al. (2019) stated that the application of FYM @ 10 t ha
-1

 (T4) recorded 15 and 17% 

increase in fruit yield of okra over 100% NPK (T2) during 2012 and 2013, respectively, 

whereas vermicompost @ 10 t ha
-1

 (T6) recorded 33 and 34% increased fruit yield. 

Furthermore, yield of okra obtained with 5 t vermicompost ha
-1

 plus 100% NPK (T5) during 
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both the years was at par with that received under 10 t FYM ha
-1

 plus 100% NPK (T4) 

demonstrating superiority of vermicompost over FYM.  

Sharma et al. (2019) conducted a field experiment at Plasticulture Farm, CTAE, MPUAT 

Udaipur to investigate the effect of chemical fertilizer scheduling on growth and yield 

performance of okra (Abelmoschus esculentus L.) under Sensor Based Automated Drip and 

Conventional Drip System. In this study four fertigation scheduling treatments of chemical 

fertilizer were taken. Recommended dose of chemical fertilizer N: P2O5:K2O, 60:30:30 kg ha
-

1
 were supplied through different chemical fertilizers like Urea, Urea Ammonium Phosphate 

(UAP) and Sulphate of potash (SOP) during the crop period. In this study the 40% and 60% 

of total recommended doses of fertilizer were applied during initial plus development stage 

and mid stage of crop growth respectively. The result revealed that the higher plant height 

and number of branch plant
-1

 in fustigation treatments T2 may be attributed to continuous 

supply and consequent availability of plant nutrients in the root zone during development and 

mid stage of crop growth. The highest pod yield of okra found under treatment T2 with a 

value of 11 t ha
-1

, in which fertigation of NPK at recommended dose (60:30:30 kg NPK ha
-1

) 

in equal splits through water soluble chemical fertilizers at 4-day interval under sensor based 

automated drip system. It may be found because of that, under T2 treatment (fertigation in 

equal splits through water soluble chemical fertilizers at 4-day interval) nutrient supplied 

through continuous fertigation till late stage of crop growth. Fertilizer use efficiency was also 

found higher in sensor-based drip irrigation treatments it was probably due to less leaching of 

irrigation water with chemical fertilizer because of frequent irrigation as plant
-1

 need. In this 

study phosphorus and potassium were supplied to okra crop through chemical fertilizers UAP 

and SOP respectively, because of that there was no precipitate of fertilizers was observed 

during mixing. 

Thingujam U et al. (2016) conducted a pot experiment was conducted in the net house of the 

Department of Agricultural Chemistry, Bangladesh Agricultural University, Mymensingh to 

evaluate the influence of phosphorus (P) and sulfur (S) on major nutrient contents and their 

uptake by brinjal (cv. BARI brinjal-8) during the period from October, 2011 to May, 2012. 

The experiment was laid out in a completely randomized design with 12 treatments and 3 

replications using four levels of P (0, 30, 60 and 90 kg P ha
-1

) and three levels of S (0, 15 and 

30 kg S ha
-1

) along with the basal doses of urea, muriate of potash, boric acid, zinc oxide, 

cowdung and poultry manure. The study revealed that major nutrient contents and their 

uptake were significantly influenced by P and S interactions. They had positive significant 
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effects on major nutrient contents and their uptake. Application of P increased N, P, K, Ca, 

Mg and S contents and their uptake up to 60 kg ha
-1

 and over the dose the values were 

reduced or near to control treatment. Similarly, the gradual increases of major nutrient 

contents and their uptake were found in S application up to 30 kg ha
-1

. Among the treatments 

the combination of P @ 60 kg ha
-1

 and S @ 30 kg ha
-1 

showed the highest N, P, K, S, Ca and 

Mg contents and their uptake. The lowest values were found in control treatment. 

Hasan et al. (2013) conducted a field experiment was carried out at the Central Research 

Farm, Bidhan Chandra Krishi Viswavidyalaya, West Bengal, India to study the effects of 

integrated nutrient management on the nutrient accumulation (dry weight recoveries) in 

brinjal and plant nutrient status of the post-harvest soil of brinjal under Nadia conditions. The 

results revealed that the treatment consisting of 75% RDF (RDF i.e., N: P: K: 125: 100: 50) + 

Azospirillum + phosphate solubilizing bacteria (PSB) + Borax @ 10 kg ha
-1

 recorded the 

highest oxidizable organic carbon (8.049 g kg
-1

), total nitrogen (1.05 g kg
-1

), available 

nitrogen (212.67 g kg
-1

), available phosphorus (76.20 g kg
-1

) and available potassium (177.59 

g kg
-1

) in the post- harvest soils of brinjal. On the other hand, 75% RDF+ Azospirillum + PSB 

+ FeSO4 @ 50 kg ha
-1

 recorded the highest available iron (26.14 kg ha
-1

) and the treatment 

consisting of 75% RDF + Azospirillum + PSB+ ZnSO4 @ 25 kg ha
-1

 recorded the highest soil 

available zinc (7.62 kg ha
-1

) while 75% RDF + Azo + PSB + Borax @ 10 kg ha
-1

 recorded 

the highest oxidizable organic carbon (8.049 g kg
-1

), total nitrogen (1.05 g kg
-1

), available 

nitrogen (212.67 g kg
-1

), available phosphorus (76.20 g kg
-1

) and available potassium (177.59 

g kg
-1

) in the post-harvest soils of brinjal. On the other hand, 75% RDF + Azospirillum + PSB 

+ FeSO4 @ 50 kg ha
-1

 recorded the highest available iron (26.14 kg ha
-1

) and the treatment 

consisting of 75% RDF + Azospirillum + PSB + ZnSO4 @ 25 kg ha
-1

 recorded the highest 

soil available zinc (7.62 kg ha
-1

) while 75% RDF + Azo + PSB + Borax @ 10 kg ha
-1

 

recorded the highest available Boron content (0.78 kg ha
-1

) of the post-harvest soil of Brinjal. 

Highest brinjal yield (14.96 t ha
-1

) was supported by the treatment consisting of 75% RDF + 

Azospirillum + PSB + Boron @ 10 Kg ha
-1

.  

2.5 Combined effect of biochar and reduced doses of chemical fertilizer on growth and 

yield of okra  

Sikdar et al. (2023) conducted a experiment at the net house of the Department of 

Agroforestry and Environmental Science, Sylhet Agricultural University, Sylhet to evaluate 

the influence of tea waste and sugarcane bagasse biochar on the morphology, yield and yield 



 

16 

contributing traits of okra (Abelmoschus esculentus) in sandy soil. The experimental setup 

was arranged following randomized complete block design with three replications under 

eight treatments. The treatments were: T0 (CK, Control, no amendment), T1 (CF, Chemical 

fertilizers), T2 (2.5 % TWB (tea waste biochar) + CF), T3 (5% TWB + CF), T4 (10% TWB + 

CF), T5 (2.5% SBB (sugarcane Bagasse biochar) + CF), T6 (5% SBB + CF); and T7 (10% 

SBB + CF). The results revealed that the different morphological characteristics like plant 

height (PH), number of leaf plant
-1

 (NLP), leaf length (LL), plant fresh weight (PFW), and 

stem diameter (SD) showed no significant difference among the treatments. The highest PH 

(107.33 cm) and RL (70.67 cm) were found in T0 (CK) whereas the maximum LL (27.33 

cm), SD (16.83 mm), and fresh root weight (FRW) (19.67g) were noted in T3. The maximum 

number of leaves plant
-1

 (NLP) (20) and PFW (110.67 g) of okra were observed in T2 and T6, 

respectively. In case of total leaf chlorophyll content (TLCC), the maximum value was 

determined in T4 (47 µmol m
-2

), but the treatments were not significantly different from each 

other. The number of pod plant
-1 

(NPP) (23.7), pod length (PL) (18 cm), individual pod 

weight (IPW) (18 g), number of seed pod
-1

 (NSP) (45) and pod weight per plant
-1

 (PWP) (425 

g) of okra were found to be highest in T7, followed by T4 and T6. The yield and yield 

contributing characters of okra showed significantly higher value for biochar treatments (T2 - 

T7) over to the control (T0) and sole chemical fertilizer treatment (T1). After the cultivation of 

okra, the highest pH value (7.2) was found in T7, followed by T6. The results of this study 

might contribute to enlarge the prospects of biochar application in the production of okra and 

other crops in both normal and less fertile soils. 

Oluleye et al. (2023) conducted a field experiment to evaluate the effectiveness of NPK 

fertilizer fortified with biochar on the growth and yield performance of okra (Abelmoschus 

esculentus L.) relative to inorganic fertilizer. Treatments involved NPK only applied at 30 

and 60 kg N ha
-1

, NPK at 30 kg N ha
-1

 together with biochar at 2.5 t ha
-1

, NPK at 60 kg N ha
-1

 

together with biochar at 5 t ha
-1

 and a control treatment, without fertilizer or biochar 

application, laid out in a randomized complete block design with three replications. Growth 

and yield parameters, plant height, number of leaves, fruit yield, nutrient uptake, post-

cropping effects on soil properties were determined. Growth and yields from the treatment 

with NPK at 60 kg N ha
-1

, together with 5 t ha
-1

 biochar, were significantly (p ≤ 0.05) highest, 

than other treatments, and partial budget analysis indicated highest marginal rate of returns 

for this treatment. 
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Gelaye (2023) conducted an experiment to investigate the effect of combined application of 

organic manure and nitrogen fertilizer rates on yield and yield components of potato. 

Combined application of nitrogen and organic manure fertilizer improved potato growth 

parameters and yield components (tuber number, average tuber weight). Tuber quality 

components such as dry matter and starch contents are also influenced by the combined 

application of nitrogen and organic manure. With the addition of high amount of organic 

manure with a certain level of nitrogen, fertilizer also gave the highest volume of marketable 

and total tuber yield. Based on the report of research works done in different parts of the 

world at different periods, an average of 31 t ha
-1

 of organic manure and 187.5 kg ha
-1

 of 

nitrogen fertilizer are the ideal combinations for the optimum yield of potato. 

Ibrahim (2022) studied on the efficacy of biochar and NPK fertilizer on soil properties and 

yield of okra (Abelmoschus esculentus L.). A randomized complete block design (RCBD) 

was used involving four (4) biochar rates (5, 10, 15 and 20 t ha
-1

) and four (4) NPK 

(20:10:10) fertilizer rates (0, 100, 150 and 200 kg ha
-1

) arranged factorially in 4 × 4 treatment 

combinations. Rice husk was used to make biochar since it was readily available and 

accessible in the study location. Soil samples were collected at random locations on the field 

from two depths (0-15 cm and 15-30 cm) for analysis using standard procedure. Data were 

collected on plant height, number of leaves, number of branches, stem girth, days to 50% 

flowering, number of fruits plant
-1

, fruit length, the weight of fruits and total yield. The result 

shows that biochar application at 20 t ha
-1

 produced the highest plant height (67.75 cm), 

number of leaves (31.42), number of branches (16.00), stem girth (2.44 cm), number of fruit 

plant
-1

 (72.00), fruit length (14.33 cm), fruit weight (770.17 g) and total yield (855.74 kg             

ha
-1

). Similarly, NPK at 200 kg ha
-1

 gave higher plant height (61.08 cm), number of leaves 

(26.75), number of fruit plant
-1

 (57.00), fruit weight (560.50 g) and total yield (622.78 kg            

ha
-1

).  The combination of 150 kg ha
-1

 and 200 kg ha
-1

 NPK fertilizer with 20 kg ha
-1

 biochar 

produced the highest yield (938.89 and 934.45 kg ha
-1

) of okra which was at par.  It can 

therefore be recommended that farmers in the study area can use biochar at 20 t ha
-1

 and NPK 

fertilizer at 150 kg ha
-1

 for optimum production of the okra plant. 

Adamu and Junaidu (2021) found that the effect of biochar and supplementary application of 

micronutrient on growth of okra. Data on growth parameters that were collected include plant 

height, leaf area and stem girth. Data was analyzed using analysis of variance (ANOVA). The 

result showed that, there is no significant (p < 0.05) difference on the vegetative growth 

parameters of the plant.  
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Sani et al. (2020) conducted an field experiment investigates the efficacy of Trichoderma and 

biochar co-application on tomato productivity, nutritional quality and soil health 

improvements under reduced N-P-K fertilizer application. The study comprised of five 

treatments: (i) standard application of N-P-K, (ii) 50% dose of N-P-K (control), 

(iii) Trichoderma + 50% dose of N-P-K, (iv) biochar + 50% dose of N-P-K and (v) biochar + 

Trichoderma + 50% dose of N-P-K. The growth, yield, and antioxidant properties of 

tomatoes, as well as their mineral composition, were analyzed. The results showed that the 

combined application of Trichoderma and biochar increased the growth attributes positively 

and produced 101.45% and 11.33% higher yield compared to half dose and standard dose of 

N-P-K, respectively. The combined application also elicited an increase in mineral contents, 

total soluble solids as well as bioactive molecules such as lycopene and ascorbic acid, thereby 

increased the nutritional and functional quality of the tomato fruits. Collectively,  

Trichoderma and biochar improved soil fertility, nutrient uptake and promoted the growth of 

rhizosphere fungal and bacterial populations, which combined resulted in higher tomato 

yields, antioxidants, and minerals. Therefore, the co-application of Trichoderma and biochar 

with a 50% dose of N-P-K can be considered an effective technique for the sustainable 

production of tomato with higher yield and superior quality. 

Madan and Sanjeev (2016) investigated the effect of chemical and organic fertilizers on 

growth, flowering and yield of okra. The findings carried out on okra revealed that the 

combined application of two nutrients sources chemical fertilizers and organic fertilizer (VC) 

brought about the best results. It gave better vegetative growth, flowering and more yield of 

okra by saving 50% chemical fertilizers. 

Another field experiment was carried out by Ullah et al. (2008) at the Horticultural Farm of 

Bangladesh Agricultural University (BAU), Mymensingh during the period from December 

2004 to April 2005 to evaluate the effect of manures and fertilizers on the yield of brinjal. 

There were five treatments consisting of organic, inorganic and combined sources of 

nutrients, of which the combined treatment (60 % organic + 40% inorganic) showed the best 

performances. The maximum branching (20.1) with the highest number fruits plant
-1

 (15.2), 

fruit length (14.1 cm) and fruit diameter (4.3 cm) were found combined application of 

manures and fertilizers. The highest yield (45.5 t ha
-1

) was also obtained from the combined 

application of organic and inorganic sources of nutrients. Application of mustard oil cake or 

poultry manure alone gave better performance compared to only chemical fertilizers. The 

organic matter content and availability of N, P, K and S in soil were increased by organic 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hypocrea
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/fertilizer-application
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/lycopene
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/ascorbic-acid
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/nutrient-uptake
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matter application. On the other hand, soil pH was increased with chemical application than 

organic. 

2.6 Combined effect of biochar and reduced doses of chemical fertilizer on soil 

properties  

Asri (2022) conducted a field experiment to determine the effects of biochar produced from 

tomato (Solanum lycopersicum L.) plant waste on soil fertility and nutritional status of the 

lettuce (Lactuca sativa L.) plant. For this purpose, the combined effect of five different doses 

of biochar (0, 10, 20, 30, and 40 t ha
-1

) and three chemical fertilizers (control, half-dose NPK 

and full-dose NPK) were investigated. The research was conducted in two cultivation 

periods. Biochar was applied to the soil just in the first period. In the first period, applications 

increased electrical conductivity, organic matter content, total N, and concentration of 

available P, Zn, and Mn, and the exchangeable K and Mg in the soil. Biochar and chemical 

fertilizer applications positively affected the lettuce plant’s N, P, and K concentrations. In the 

second period, concentrations of the available P, Fe, Zn, Mn, Cu and exchangeable Ca, Mg in 

soil, as well as the N, P, Ca, Mg, Zn, and Cu concentrations of the plant are higher compared 

to the first period. It was determined that biochar application alone was not sufficient for the 

nutrition of the lettuce plants, chemical fertilizers should be used additionally. In lettuce 

cultivation, half-dose NPK was recommended in addition to 30 t ha
-1

 biochar. As a result, it 

was determined that biochar produced from tomato plant waste was an effective soil 

improver material and might be an alternative source of K. 

Ofori et al. (2021) assessed the effects of poultry litter biochar (PLB) and NPK fertilizer 

application on soil chemical properties and the yield of cabbage. Twelve treatments (control, 

100% NPK, 50% NPK, 2.5 t ha
−1

 PLB, 2.5 t ha
−1

 PLB + 50% NPK, 2.5 t ha
−1

 PLB + 100% 

NPK, 5 t ha
−1

 PLB, 5 t ha
−1

 PLB + 50% NPK, 5 t ha
−1

 PLB + 100% NPK, 7.5 t ha
−1

 PLB, 

7.5 t ha
−1

 PLB + 50% NPK, and 7.5 t ha
−1

 PLB + 100% NPK) were evaluated under field 

conditions in a randomized block design with three replications. Combined application of 

PLB and NPK fertilizer improved the soil chemical properties, growth, and yield of cabbage 

relative to the control and sole PLB treatments. Application of 5 t ha
−1

 PLB + 50% NPK 

increased the soil pH, soil organic carbon, available phosphorus, and cation exchange 

capacity by 26.6, 41.4, 296, and 78.7%, respectively, relative to the control. Moreover, 

5 t ha
−1

 PLB + 50% NPK increased the cabbage yield by 73% compared with the control. 
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Karthikeyan et al. (2021) conducted a field experiment to evaluate the influence of organic 

manures viz., Farm Yard Manure (FYM), Vermicompost, Biochar, Biochar composite on soil 

properties, growth and yield of bhendi, Abelmoschus esculentus in Somayyanur soil series of 

Madurai district, Tamil Nadu. The experiment was laid out in randomized block design 

(RBD) with eleven treatments and three replications during the summer season (March – 

June) 2021 with the inclusion of inorganic fertilizers based on soil test crop response (STCR) 

based recommendation. Application of biochar composite (5 t ha
-1

) along with STCR based 

NPK (75% STCR) increased the total carbon content in soil by 0.538 %. This, in turn, 

increased the available nitrogen status to 295 and 244 Kg ha
-1 

at 40 and 70 DAS, respectively. 

Similarly, the available phosphorous (22.4, 19.3 Kg ha
-1

) and potassium (344.70, 323.70 Kg 

ha
-1

) status also showed a considerable increase with the same treatment. The yield attributes 

of bhendi viz., fruit length, girth, weight, dry matter production and yield recorded maximum 

values of 15.23 cm, 6.93 cm, 21.56 g, 11.9 t ha
-1

 and 25.20 t ha
-1

 with the combined 

application of biochar composite and NPK. The findings revealed that 25 % STCR based 

NPK could be reduced with the application of 5 t ha
-1 

of biochar composite, which is 

economically an option besides promoting soil health. 

A field experiment was conducted by Singh et al. (2019) at Vegetable Research Farm, 

Department of Horticulture (Vegetable and Floriculture), Bihar Agricultural University, 

Sabour during Kharif season of 2017 to explore the best integration of microbial inoculant, 

organic and chemical fertilizers with respect to improving physical and biological properties 

of soil and yield of okra by minimizing yellow vein mosaic virus. The experiment was laid 

out in randomized block design replicated thrice. The results indicated that the application of 

25 % RDN through chemical fertilizer + 75 % RDN through vermicompost + Azotobacter + 

PSB (T16) improved, chemical (pH, EC, O. C, Available N, P, K) and biological 

(Azotobacter, PSB, Fungi) properties of the soil, reduced the Per cent disease incidence was 

of YVMV and enhanced the yield of okra. 

Thus, it can be inferred that the nutrient supply through 75% chemical and 25% through 

Vermicompost along with the use of biofertilizers (Azotobacter + PSB) is beneficial for 

improving the soil health, minimizing the YVMV and increasing the yield of okra. 

 

 



 

21 

CHAPTER III 

MATERIALS AND METHODS 

 

The experiment was carried out at Soil Science field, Hajee Mohammad Danesh Science and 

Technology University, Dinajpur-5200, from November 2022 to January 2023. This contains 

a brief description of experimental site, soil, climate, planting material, treatments, 

experimental design, land preparation, intercultural operations, harvesting, data recording, 

collection and preparation of soil samples and the methods for the chemicals as well as 

statistical analysis. 

3.1 Description of the experimental site 

3.1.1 Experimental site 

The experiment was conducted at Soil Science field, Hajee Mohammad Danesh Science and 

Technology University, Dinajpur-5200, from November 2022 to January 2023. 

Geographically the experimental site was at 25°13' N latitude and 88°23' E longitude with an 

elevation of 37.5m above the mean of sea level (Appendix-I). The land belongs to the agro-

ecological zone of Old Himalayan Piedmont Plain (AEZ-I). 

3.1.2 Climate and weather 

The experimental area belongs to a subtropical climatic zone. Heavy rainfall, high humidity, 

high temperature, and a relatively long day period are observed during Kharif season (April- 

September) and scarce rainfall and low humidity, low temperature, and short-day period 

during Rabi season (October-March). Weather information regarding air temperature (°C), 

rainfall (mm), relative humidity (%) at the experimental site during study period are 

presented in Appendix-II. 

3.1.3 Soil 

The soil of the experiment field belongs to the Old Himalayan Piedmont Plain (AEZ-1). The 

soil of the experimental plot was sandy with good drainage capacity. The experimental plot 

was medium high land with a pH value was 6.52. The soils of the experimental sites were 

analyzed before sowing of okra. The morphological, physical and chemical characteristics of 

the initial soil of the experimental field is presented in table 3.1. 
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Table 3.1 Morphological, physical and chemical characteristics of the research field  

A. Morphological characteristics 

Morphology Characteristics 

Location Soil Science Field, HSTU, Dinajpur 

AEZ Old Himalayan Piedmont plain (AEZ-1) 

General soil type Non- calcareous brown floodplain soil 

Parent material Piedmont alluvium 

Drainage Well drained 

Flood level Above flood level 
 

 

B. Physical characteristics 

Sand (%) 45.6 

Silt (%) 42.0 

Clay (%) 12.4 

Textural class Sandy loam 

Particle density (g cm
-3

) 2.0 

Bulk density (g cm
-3

) 1.532 
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C. Chemical characteristics  

Treatments OC (%) Total N 

(%) 

Available P 

(ppm) 

Exchangeable 

K (meq 100 g
-1

 

soil) 

Available 

S (ppm) 

T1 0.51 0.04 22.11 0.11 8.21 

T2 0.70 0.06 44.50 0.16 14.8 

T3 0.74 0.05 46.23 0.37 16.25 

T4 0.72 0.05 46.03 0.37 15.67 

T5 0.70 0.05 57.26 0.31 12.5 

T6 0.66 0.06 34.22 0.17 12.23 

T7 0.68 0.06 32.56 0.21 18.1 

T8 0.67 0.07 42.60 0.14 13.97 

T9 0.66 0.06 45.90 0.25 13.39 

T10 0.67 0.05 35.13 0.20 14.28 

T11 0.65 0.05 38.93 0.21 14.47 

 

3.2 Planting material 

The crop of the experiment was okra (variety Heera). This variety was used during Rabi 

season (November to January). Seeds were collected from local market in Dinajpur district.
 

3.3 Experimental design and treatments 

The experiment was laid out in the Randomized Complete Block Design (RCBD) having 11 

treatments and 3 replications. The total number of plots was 33. The size of the plot was 1 

square meter (1m × 1m). The treatment combinations were as follows: 

T1 = No residual biochar + No chemical fertilizer (Control) 

T2 = 100% Recommended Dose of Fertilizers (RDF) 

T3 = 50% RDF + Residual 20 t ha
-1 

Rice Husk biochar 

T4 = 50% RDF + Residual 20 t ha
-1 

Sawdust biochar  

T5 = 50% RDF + Residual 20 t ha
-1 

Biochar enriched organic fertilizer  

T6 = 75% RDF + Residual 15 t ha
-1 

Rice Husk Biochar  

T7 = 75 % RDF+ Residual 15 t ha
-1 

Sawdust biochar  

T8 = 75% RDF + Residual 15 t ha
-1 

Biochar enriched organic fertilizer  

T9 = 100% RDF+ Residual 10 t ha
-1 

Rice Husk Biochar   
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T10 = 100 % RDF + Residual 10 t ha
-1 

Sawdust biochar  

T11 = 100% RDF + Residual 10 t ha
-1 

Biochar enriched organic fertilizer  

The recommended doses of fertilizer (RDF) for okra cultivation in the experiment were as 

follows (BARI Krishi Projukti Hatboi):  

Fertilizer Doses (kg ha
-1

) 

Urea 150 

TSP 100 

MOP 150 

Gypsum 40 
 

3.4 Layout of the experimental plots 

Total number of plots                     : 33 

Individual plot size                          : 1 m
2
 (1m × 1m)  

Space between block to block         : 50 cm  

Space between plot distances          : 25 cm 

No. of treatment                               : 11 

No. of replication                             : 3 
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The layout of the experimental field is shown in the figure 3.4.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.4: Layout of the experiment 
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3.5 Biochar and fertilizer application: 

Soybean was previously cultivated (mid-March to mid-July) in that land in which biochar 

application was done according to the above treatments. After that the land was barren for 2 

to 3 months. Then the experiment was initially started by land preparation followed by 

fertilizer application. As there was previously biochar application, so there was a residual 

effect of biochar in the next crop. That’s why, no biochar was used in this experiment, only 

residual effect was evaluated. In case of fertilizer, TSP, MOP and Gypsum were applied as 

basal dose during final land preparation except urea. Urea was applied in three split doses at 

15, 30 and 45 DAS.   

3.6 Land preparation 

The land was prepared by spading several times and made a fine tilth condition. The plots 

units were made by laddering. Each block was divided into eleven plots as treatments with 

raised bound around. The unit plot size was 1m
2 

(1m × 1m). The distance between two blocks 

and two plots was 50 cm and 25 cm, respectively.  

3.7 Seed sowing 

Okra seeds were sown in the field at 10th November. Seed to seed spacing was maintained at 

40 cm and row to row distance maintained 60 cm. 

3.8 Intercultural operations 

Intercultural operations were done as and when necessary to ensure normal growth of plant 

which are given below: 

3.8.1 Weeding 

The experimental plots were monitored, and weeding was done several times. 

3.8.2 Irrigation 

The plots were irrigated by the water pump whenever necessary. 

3.8.3 Insect and pest control 

The okra plants were infected with fungal diseases along with attack of aphids. To rescue the 

plants from this attack, several doses of fungicide and pesticides were applied. The 
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experimental field was treated with Imitaf 20SL @ 2.5 ml. 10 L
-1

 water; Aristomil 55 EC@ 

80ml. 20L
-1

 water; Rovlal 50 WP@ 20 ml. 10 L
-1

 for 3 times at 7days interval. 

3.9 Procedure of data collection  

As per objectives of the study the following data were collected: 

 Plant height 

 Number of fruits 

 Length of fruits 

 Weight of fruits 

 Diameter of fruits 

 Fresh weight of plants 

 Dry weight of plants 

 Root length 

 Fresh weight of roots 

 Dry weight of roots 
 

3.9.1 Plant height 

The plant height was recorded from the sample plants in centimeters from the ground level to 

the leaf at the top from the three tagged plant of each plot at 15 DAS, 30 DAS, 45 DAS, 60 

DAS and 75 DAS and mean was calculated. 

3.9.2 Number of fruits 

The fruit number of okra plants were counted from the fruiting period to harvesting and mean 

was calculated. 

3.9.3 Length of fruits 

Length of fruits was measured after harvesting of each fruit and mean was calculated. 

3.9.4 Weight of fruits 

Weight of fruits was measured after harvesting of each fruit and mean was calculated. 

3.9.5 Diameter of fruits 

Diameter of fruits was measured after harvesting of each fruit and mean was calculated. 

3.9.6 Fresh Weight of plant 

Fresh weight of plants was measured after harvesting and mean was calculated. 

3.9.7 Dry weight of plants 

The plants were oven dried; the weight of plants was measured manually and mean was 
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calculated. 

3.9.8 Root length 

The length of roots was measured after harvesting and mean was calculated. 

3.9.9 Fresh weight of roots 

Fresh weight of roots was measured after uprooting the plants and mean was calculated. 

3.9.10 Dry weight of roots 

Dry weight of roots was measured after oven drying the roots and mean was calculated. 
 

3.10 Collection of soil sample  

3.10.1 Initial soil sample 

The initial soil sample was collected before land preparation from the plough depth layer (0-

15 cm). 10 samples were taken by means of an auger from 10 locations covering the whole 

experimental plot and mixed thoroughly to make a composite sample. The composite sample 

was air dried, grinded and sieved through a 20 mesh sieve and stored in a plastic bag for 

physical and chemical analysis.  

3.10.2 Post harvest soil sample 

After harvesting the crop, samples were collected from each plot at 0-15 cm depth. The soil 

samples were air dried, grinded and sieved through a 20 mesh sieve. Prepared soil samples 

were stored in plastic bags for chemical analysis only.  

3.11 Analysis of soil sample 

The chemical properties of initial and post-harvest soil samples were analyzed in the 

laboratory of the Department of Soil Science, HSTU, Dinajpur. The soil chemicals properties 

viz., pH, organic carbon, total nitrogen, available phosphorus, exchangeable potassium, and 

available sulfur were determined. Soil samples analysis were as follows: 

3.11.1 Soil pH 

Soil pH was determined using a glass electrode pH meter at 1:2.5, soil-water ratio. The 

suspension was allowed to stand for one hour with occasional shaking before determination 

(Jackson, 1967). 
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3.11.2 Organic matter (OM) content 

Soil organic carbon content was determined volumetrically by wet oxidation method using 

K2Cr2O7 and H2SO4 mixture and FeSO4 solution was used for titration as outlined by Jackson 

(1967). The organic matter content was calculated by multiplying the percent organic carbon 

with Bemmelen factor of 1.724 (Piper, 1950). 

3.11.3 Total nitrogen (N) 

Soil N was determined was determined by Micro-Kjeldahl method (Bremner and Mulvaney, 

1982). The Soil sample (1.0 g) was digested with 3 ml concentrated H2SO4 and 1.1 g catalyst 

mixture (K2SO4:CuSO4. 5 H2O: Se powder in a ratio 100:10:1). N was estimated by 

distillation with 40% NaOH followed titration distillate trapped in H3BO3 indicator solution 

with 0.01 N (Page et al., 1989). 

3.11.4 Available phosphorus (P) 

Available P was extracted from the soil with 0.5 M sodium bicarbonate solution pH 8.5 

(Olsen et al., 1954). P in the extract was then determined by developing blue color with 

SnCl2 reduction of phosphomolybdate complex and color intensity was measured 

calorimetrically at 660 nm wavelength (Page et al., 1989). 

3.11.5 Exchangeable potassium (K) 

Exchangeable K was determined by the ammonium acetate extraction method using a flame 

photometer as described by Page et al., (1989). 

3.11.6 Available sulfur (S) 

Available S was determined by extraction the soil sample with CaCl2. The S content in the 

extract was estimated and the intensity of turbid was measured by spectrophotometer at 420 

nm wavelength. 

3.12 Statistical analysis 

The data were presented as the mean value. Statistix 10 software was used to perform 

statistical analysis. One-way analysis of variance (ANOVA) followed by Duncan’s Multiple 

Range Test (DMRT) was performed to determine significant differences among treatments. 

The values of p < 0.05 were considered as significant.  
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

The results obtained from the present study are systematically presented in this episode under 

different captions following necessary discussion by taking proper support of the previous 

findings of the published works of others as accessible and the established scientific 

principles as well. Moreover, six tables have been added in this chapter to clarify the 

findings. Furthermore, three appendices have been included at the end of the thesis for further 

information as needed to highlight the findings. 

4.1 Plant height 

Significant variation was observed in plant height of okra at 15 DAS, 30 DAS, 45 DAS, 60 

DAS and 75 DAS due to different level of residual biochar and reduced doses of chemical 

fertilizer application (p < 0.01) represented in table 4.1. At 15 DAS, the highest plant height 

(21.0 cm) was observed in T8 treatment when 75% RDF and Residual 15 t ha
-1

 Biochar 

enriched OF applied which was statistically parallel to T9 treatment (20.0 cm) and T5 (19.5 

cm). The lowest plant height (12.7 cm) was observed in T1. At 30 DAS, the maximum plant 

height (29.8 cm) was noticed in T5 treatment when 50% RDF and Residual 20 t ha
-1

 Biochar 

enriched OF applied which was statistically identical to T6 treatment (29.3 cm), T8 (28.8 cm), 

T10 (27.2 cm), T4 (26.6 cm), T3 (26.1 cm), and T9 (26.1 cm) and minimum (17.06 cm) was 

found in T1. At 45 DAS, the tallest plant height (48.7 cm) was recorded from T11 treatment 

when 100% RDF and Residual 10 t ha
-1

 Biochar enriched OF applied which was closely 

followed by the T8 (47.8 cm), T10 (47.03 cm), T6 (46.4 cm), T9 (45.3 cm), T7 (44.7 cm) and 

T5 (43.6 cm) treatment. On the other hand, the lowest plant height (27.7 cm) was observed in 

T1 (control) which were statistically akin to T2 (33.4 cm). At 60 DAS, the maximum plant 

height (57.0 cm) was observed in both T11 and T10 treatment when 100% RDF and Residual 

10 t ha
-1

 biochar enriched OF (T11) and 100 % RDF and Residual 10 t ha
-1

 Sawdust biochar 

(T10) applied which alike to T9 treatment (54.6 cm), T8 (54.0 cm) and T7 (54.0 cm) and the 

minimum plant height (34.8 cm) was perceived in T1 (control) which was statistically akin to 

T2 (39.6 cm). At 75 DAS, the topmost plant height (74.2 cm) was mentioned in T10 treatment 

when 100 % RDF and Residual 10 t ha
-1

 Sawdust biochar applied which was statistically 

same to T11 treatment (73.5 cm), T9 (71.4 cm), T7 (70.0 cm) and T8 (70.0 cm) whereas least 

plant height (47.6 cm) was observed in T1 (control) which was statistically akin to T2 (50.4 
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cm). Among all the treatments T11 treatment was best of using 100% RDF and Residual 10 t 

ha
-1

 Biochar enriched OF. Biochar ensure the physical condition of soil and it helped in good 

water holding capacity and good aeration in soil. So, the plant got maximum nutrition from 

the soil and healthy plant was grown with maximum production. Consistent result was found 

by Ibrahim (2018) that biochar application at 20 t ha
-1

 produced the highest plant height 

(67.75 cm). 

4.2 No. of fruits plant
-1

 of okra 

A statistically significant variation was recorded in number of fruit plant
-1

 of okra due to 

effect of different level of residual biochar and reduced doses of chemical fertilizer (p < 0.01) 

shown in table 4.2. The maximum number of fruit plant
-1

 (16.6) was observed in T11 

treatment when 100% RDF and Residual 10 t ha
-1

 Biochar enriched OF applied which was 

statistically parallel to T10 (15.6) and T9 (15.0) on the contrary minimum number of fruit 

plant
-1

 (8.0) was found in T1 (control). Contradictory result was found by Nosiru et al. (2012) 

that biochar application at 20 t ha
-1

 produced the highest number of fruit plant
-1

 (72.0) 

because malvaceae crops do not bear fruits during winter and seasonal variation. 

4.3 Marketable fruits weight plant
-1

 and fruits weight plot
-1

 of okra 

Application of different level of residual biochar and reduced doses of chemical fertilizer 

responded significantly on the marketable fruit weight plant
-1

 and fruit weight plot
-1

 of okra 

(p < 0.01) shown in table 4.2. The highest marketable fruit weight plant
-1

 (197.8 g) was 

obtained from T11 treatment when 100% RDF and Residual 10 t ha
-1

 Biochar enriched OF 

applied which was closely similar to T10 (187.3 g) and lowest marketable fruit weight plant
-1

 

(36.9 g) was from T1 (control). The maximum fruit weight plant
-1

 (1.18 kg) was found in the 

treatment T11 when 100% RDF and Residual 10 t ha
-1

 Biochar enriched OF applied which 

was statistically identical to T10 (1.12 kg). The minimum fruit weight plant
-1

 (0.22 kg) was 

found in T1 (control). Choudhary et al. (2015) found pod weight (11.53 g) and yield plant
-1

 

(139.39 g) which similar to my result. 

4.4 Fruit length (cm) and fruit breadth (cm)  

Insignificant variation was observed in fruit breadth of okra due to different level of residual 

biochar and reduced doses of chemical fertilizer application (p > 0.05) but significant 

variation was found in fruit length (p < 0.01) represented in table 4.3. The maximum fruit 

length (11.3 cm) was observed in T11 treatment when 100% RDF and Residual 10 t ha
-1
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Biochar enriched OF applied which was identical to T10 treatment (10.5 cm). The minimum 

fruit length (6.6 cm) was observed in T1 (control). The maximum fruit breadth (5.0 cm) was 

observed in T2, T10 and T11 treatment which was statistically parallel to T5 (4.8 cm), T7 (4.7 

cm), T3 (4.6 cm), T8 (4.6 cm), T9 (4.3 cm) and T6 (4.2 cm). The lowest fruit breadth (4.0 cm) 

was observed in T1 and T4 which was statistically parallel to T6 (4.2 cm), T9 (4.3 cm), T8 (4.6 

cm), T3 (4.6 cm) and T7 (4.7 cm). Ibrahim (2018) carried out a field experiment and showed 

that biochar application at 20 t ha
-1

 produced the highest fruit length of 14.33 cm.  

4.5 Fresh shoot biomass plant
-1 

and dry shoot biomass plant
-1

 of okra 

In case of fresh fruit biomass plant
-1 

and dry shoot biomass plant
-1

 of okra significant 

variation was observed due to of different level of residual biochar and reduced doses of 

chemical fertilizer (p < 0.01) represented in table 4.3. The maximum fresh shoot biomass 

plant
-1

 (181.5 g) was observed in T11 treatment when 100% RDF and Residual 10 t ha
-1

 

Biochar enriched OF applied which was statistically parallel to T9 (177.0 g), T10 (176.4 g), T8 

(174.3 g), T7 (170.8 g) and T6 (161.4 g). The minimum fresh shoot biomass plant
-1

 (96.6 g) 

was observed in T1 (control) which was statistically akin to T3 (111.3 g), T4 (116.7 g) and T5 

(188.3 g). The highest dry shoot biomass plant
-1

 (30.8 g) was noticed in T11 treatment when 

100% RDF and Residual 10 t ha
-1

 Biochar enriched OF applied which was nearly similar to 

T9 (30.09 g), T10 (29.9 g), T8 (29.6 g), T7 (29.04 g) and T6 (27.4 g). The lowest dry shoot 

biomass plant
-1

 (16.4 g) was observed in T1 (control) which was statistically akin to T4 (19.8 

g) and T3 (18.9 g). Mengfei et al. (2023) found the same result. 
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Table 4.1: Effect of residual biochar with reduced doses of chemical fertilizers on plant  

                  height of okra at different days after sowing (DAS) 

 

Treatments 

Plant height (cm) 

PH 

(15 DAS) 

PH 

(30 DAS) 

PH 

(45 DAS) 

PH 

(60 DAS) 

PH 

(75 DAS) 

T1 12.7 e 17.1 d 27.7 e 34.8 f 47.6 g 

T2 17.0 d 23.4 c 33.4 de 39.6 ef 50.4 fg 

T3 17.5 cd 26.1 abc 39.1 cd 44.4 de 55.3 ef 

T4 17.5 cd 26.6 abc 41.3 bc 48.0 cd 59.5 de 

T5 19.5 ab 29.8 a 43.6 abc 50.4 bc 62.3 cd 

T6 19.0 bc 29.3 a 46.4 ab 50.4 bc 66.5 bc 

T7 17.0 d 24.5 bc 44.7 abc 54.0 ab 70.0 ab 

T8 21.0 a 28.8 ab 47.8 ab 54.0 ab 70.0 ab 

T9 20.0 ab 26.1 abc 45.3 abc 54.6 ab 71.4 ab 

T10 18.5 bcd 27.2 abc 47.0 ab 57.0 a 74.2 a 

T11 18.2 bcd 26.6 abc 48.7 a 57.0 a 73.5 a 

SEM 0.605 

 

1.5 

 

2.2 

 

1.7 

 

2.1 

 LS ** ** ** ** ** 

CV 5.8 

 

10.03 

 

9.2 

 

5.9 

 

5.7 

  

The data was presented as the mean value. PH=Plant Height; *= 5% Level of Significance; 

**= 1% Level of Significance; NS= Non-significant; CV= Coefficient of Variance. 

In the column figures having a similar letter(s) do not differ significantly at 5% level of 

significance.  

Treatment combinations were as follows 

T1 = No residual biochar + No chemical fertilizer, T2 = 100% RDF (Recommended Dose of 

Fertilizers), T3 = 50% RDF + Residual 20 t ha
-1

 Rice Husk biochar, T4 = 50% RDF  + 

Residual 20 t ha
-1

 Sawdust biochar, T5 = 50% RDF + Residual 20 t ha
-1

 Biochar enriched OF 

, T6 = 75% RDF + Residual 15 t ha
-1

 Rice Husk Biochar, T7 = 75 % RDF  + Residual 15 t ha
-1

 

Sawdust biochar, T8 = 75% RDF + Residual 15 t ha
-1

 Biochar enriched OF, T9 = 100% RDF 

+ Residual 10 t ha
-1

 Rice Husk Biochar, T10 = 100% RDF + Residual 10 t ha
-1

 Sawdust 

biochar,  T11 = 100% RDF  + Residual 10 t ha
-1

 Biochar enriched OF. 
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Table 4.2: Effect of residual biochar with reduced doses of chemical fertilizers on no. of 

fruits plant
-1

, marketable fruit weight plant
-1

 and fruit weight plot
-1  

                                                                                                                                                        

Treatments No. of fruits      

plant
-1

 

Marketable fruit 

weight plant
-1

 (g) 

Fruit weight plot
-1

 

(kg) 

T1 8.0 e 36.9 h 0.22 h 

T2 14.0 bcd 149.1 c 0.89 c 

T3 12.1 d 74.8 g 0.45 g 

T4 13.0 cd 81.2 fg 0.49 fg 

T5 14.4 bc 82.2 fg 0.49 fg 

T6 14.3 bc 93.7 ef 0.57 ef 

T7 14.5 bc 104.7 e 0.62 e 

T8 14.0 bcd 123.6 d 0.74 d 

T9 15.0 abc 180.0 b 1.08 b 

T10 15.6 ab 187.3 ab 1.12 ab 

T11 16.6 a 197.8 a 1.18 a 

SEM 0.724 

 

5.00 

 

0.03 

 
LS ** ** ** 

CV 9.09 

 

7.2 

 

7.2 

 
 

The data was presented as the mean value. *= 5% Level of Significance; **= 1% Level of 

Significance; NS= Non-significant; CV= Coefficient of Variance. 

In the column figures having a similar letter(s) do not differ significantly at 5% level of 

significance.  

Treatment combinations were as follows  

T1 = No residual biochar + No chemical fertilizer (Control), T2 = 100% RDF (Recommended 

Dose of Fertilizers), T3 = 50% RDF + Residual 20 t ha
-1

 Rice Husk biochar, T4 = 50% RDF + 

Residual 20 t ha
-1

 Sawdust biochar, T5 = 50% RDF + Residual 20 t ha
-1

 Biochar enriched OF 

, T6 = 75% RDF + Residual 15 t ha
-1

 Rice Husk Biochar, T7 = 75 % RDF  + Residual 15 t ha
-1

 

Sawdust biochar, T8 = 75% RDF + Residual 15 t ha
-1

 Biochar enriched OF, T9 = 100% RDF 

+ Residual 10 t ha
-1

 Rice Husk Biochar, T10 = 100% RDF + Residual 10 t ha
-1

 Sawdust 

biochar,  T11 = 100% RDF  + Residual 10 t ha
-1

 Biochar enriched OF. 
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Table 4.3: Effect of residual biochar and reduced doses of chemical fertilizer on fruit 

length, fruit breadth, fresh shoot biomass plant 
-1

 and dry shoot biomass 

plant 
-1

 of okra 

Treatments Fruit length 

(cm) 

Fruit breadth 

(cm) 

Fresh shoot 

biomass plant
-1

 

(g) 

Dry shoot 

biomass plant
-1 

(g) 

T1 6.6 e 4.0 b 96.6 c 16.4 c 

T2  9.7 bc 5.0 a 125.4 b  21.3 b 

T3        8.3 d   4.6 ab  111.3 bc  18.9 bc 

T4 9.0 cd 4.0 b  116.7 bc  19.8 bc 

T5 8.8 cd 4.8 a  118.3 bc  20.1 bc 

T6 9.6bc  4.2 ab 161.4 a 27.4 a 

T7 9.5 bc  4.7 ab 170.8 a  29.04 a 

T8 9.8 bc 4.6 ab 174.3 a 29.6 a 

T9 10.1 b 4.3 ab 177.0 a  30.09 a 

T10  10.5 ab 5.0 a 176.4 a 29.9 a 

T11 11.3 a 5.0 a 181.5 a 30.8 a 

SEM 0.360 

 

0.277 

 

7.8 

 

1.3 

 LS ** NS ** ** 

CV 6.6 

 

10.4 

 

9.2 

 

9.2 

  

The data was presented as the mean value. *= 5% Level of Significance; **= 1% Level of 

Significance; NS= Non-significant; CV= Coefficient of Variance. 

In the column figures having a similar letter(s) do not differ significantly at 5% level of 

significance. 

Treatment combinations were as follows  

T1 = No residual biochar + No chemical fertilizer (Control), T2 = 100% RDF (Recommended 

Dose of Fertilizers), T3 = 50% RDF + Residual 20 t ha
-1

 Rice Husk biochar, T4 = 50% RDF + 

Residual 20 t ha
-1

 Sawdust biochar, T5 = 50% RDF + Residual 20 t ha
-1

 Biochar enriched OF,  

T6 = 75% RDF + Residual 15 t ha
-1

 Rice Husk Biochar, T7 = 75 % RDF  + Residual 15 t ha
-1

 

Sawdust biochar, T8 = 75% RDF + Residual 15 t ha
-1

 Biochar enriched OF, T9 = 100% RDF 

+ Residual 10 t ha
-1

 Rice Husk Biochar, T10 = 100% RDF + Residual 10 t ha
-1

 Sawdust 

biochar,  T11 = 100% RDF  + Residual 10 t ha
-1

 Biochar enriched OF. 

 



 

36 

4.6 Root length (cm)  

In root length of okra significant variation was observed for the effect of different level of 

residual biochar and reduced doses of chemical fertilizer (p < 0.01) shown in table 4.4. In T4 

treatment he maximum root length (8.7 cm) was observed when 50% RDF and Residual 20 t 

ha
-1

 Sawdust biochar applied which was statistically parallel to T3 (8.4) and T5 (8.3) and T1 

(control) showed minimum root length (6.3 cm). Biochar promotes root growth by increasing 

soil K availability Cui et al. (2021) which is similar to my result.  

 

4.7 Fresh root weight (g) and dry root weight (g)  

Results from the Table (4.4) showed the significant variation in fresh root weight (g) and dry 

root weight (g) of okra due to the effect of different level of residual biochar and reduced 

doses of chemical fertilizer (p < 0.01). The maximum fresh root weight (5.7 g) was observed 

in T3 treatment when 50% RDF and Residual 20 t ha
-1

 Rice Husk biochar applied on the 

contrary minimum (2.7 g) was from T1 (control). Again, the maximum dry root weight (0.630 

g) was observed in T3 treatment when 50% RDF + Residual 20 t ha
-1

 Rice husk biochar 

applied and minimum (0.304 g) was found in T1 (control). As for plant growth, slight 

increase induced by biochar was found in root weight, while shoot weight significant 

increased with biochar application at 7 and 10 DAS (Gibson, 2000). 

4.8 Effect of residual biochar with reduced doses of chemical fertilizer on post-harvest 

soil 

4.8.1 pH
 
 

There was a significant variation observed in pH as soil properties due to application of 

different level of residual biochar and reduced doses of chemical fertilizer (p < 0.01) shown 

in table 4.5. The topmost value of pH (7.31) was remarked in T5 treatment because Biochar 

enriched OF tends to increase the soil pH compared to other biochar and lowest pH (6.21) 

was found in T1 (control). The increasing order of pH was organized as followed   T1 (6.21) < 

T2 (6.40) < T11 (6.70) < T9 (6.83) < T7 (6.85) <T10 (6.91) < T8 (7.10) ~ T4 (7.10) < T3 (7.11) < 

T6 (7.18) < T5 (7.31). Biochar with its alkaline nature increases the soil pH and increases crop 

yield, alleviating the acid stress (Cornelissen et al. 2018). 
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4.8.2 Organic carbon (%)  

Organic carbon showed a significant variation as soil properties due to application of 

different level of residual biochar and reduced doses of chemical fertilizer (p < 0.01) which 

presented in table 4.5. The highest OC (0.64%) was observed in T4 and T5 treatment because 

biochar enriched OF and sawdust biochar contain more OC compared to other biochar and T1 

(control) mentioned the lowest OC (0.38%)). The increasing order of OC was T1 (0.38) < T2 

(0.47) < T9 (0.51) < T10 (0.53) < T11 (0.56) ~ T7 (0.56) ~ T6 (0.56) < T8 (0.58) < T3 (0.59) < T5 

(0.64) ~ T4 (0.64). Soil organic carbon was found significantly higher in the biochar-amended 

soils compared to non-biochar (control) soil (Pandit, 2018). 

4.8.3 Organic matter (%)  

Significant variation was noted in OM as soil properties due to application of different level 

of residual biochar and reduced doses of chemical fertilizer (p < 0.01) shown in table 4.5. T4 

and T5 treatment showed the most OM (1.11%) contained because biochar enriched OF and 

sawdust biochar contain more OC compared to other biochar whereas T1 (control) contained 

least OM (0.66%). The increasing order of OM was T1 (0.66) < T2 (0.79) < T9 (0.89) < T10 

(0.92) < T11 (0.96) ~ T7 (0.96) ~ T6 (0.96) <T8 (0.99) < T3 (1.00) <T5 (1.11) ~ T4 (1.11). The 

combined application of crop residue and biochar reduced the turnover rate of soil organic 

matter by 2–5 times compared to the control no-biochar soil by Cheng et al. (2017). 

4.9 Total N, available P, exchangeable K and available S of post- harvest soil 

4.9.1 Total N 

Significant variation was observed in soil properties containing total N, available P, 

exchangeable K and available S due to application of different level of residual biochar and 

reduced doses of chemical fertilizer (p < 0.01) shown in table 4.6. The highest total N content 

(0.058%) was found in T5 treatment because biochar enriched organic fertilizer contain more 

nitrogen compared to other biochar and lowest total N content (0.022%) was from T1 

(control). The increasing order of total N content was T1 (0.022) < T9 (0.029) ~ T2 (0.029) < 

T11 (0.036) ~ T6 (0.036) ~ T10 (0.036) < T8 (0.044) ~ T7 (0.044) < T4 (0.051) ~ T3 (0.051) < 

T5 (0.058). Soil nitrogen (N) has been found higher due to reduced leaching losses and 

retention of nitrogen in the pores of the biochar by Martisen et al. (2015). 
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4.9.2 Available P 

Available P content in the post- harvest soil was influenced significantly in soil properties 

due to application of different level of residual biochar and reduced doses of chemical 

fertilizer (p < 0.01) shown in table 4.6. The highest available P content (34.96 ppm) was 

observed in T4 treatment because sawdust biochar containd more phosphorus compared to 

other biochar. The lowest available P content (9.68 ppm) was found in T1 (control). The 

increasing order of available P content is T1 (9.68) < T2 (12.45) < T9 (13.43) < T10 (13.55) < 

T11 (13.79) < T7 (18.56) < T6 (20.33) <T8 (21.93) < T5 (32.61) <T3 (33.37) < T4 (34.96). 

Pandit (2018) reported that soil available P was found significantly higher in the biochar-

amended soils compared to non-biochar (control) soil.  

4.9.3 Exchangeable K  

The exchangeable K content of the post-harvest soil was influenced significantly in soil 

properties due to application of different level of residual biochar and reduced doses of 

chemical fertilizer (p < 0.01) shown in table 4.6. The utmost exchangeable K content (0.306 

meq 100 g
-1

 soil) was remarked in T5 treatment because biochar enriched OF make more K 

available for plant compared to other biochar. On the other hand, lowest exchangeable K 

content (0.159 meq 100 g
-1

 soil) was from T1 (control). The increasing order of K content was 

T1 (0.159) < T9 (0.193) < T2 (0.198) < T10 (0.200) < T11 (0.205) < T7 (0.218) < T8 (0.222) <T6 

(0.232) < T4 (0.271) <T3 (0.281) < T5 (0.306). Pandit (2018) reported that the soil 

exchangeable K was found significantly higher in the biochar-amended soils compared to 

non-biochar (control) soil.  

4.9.4 Available S  

There was a significant variation observed in soil properties containing available S due to 

application of different level of residual biochar and reduced doses of chemical fertilizer (p < 

0.01) shown in table 4.6. The highest available S content (15.82 ppm) was observed in T4 

treatment because sawdust biochar contain more S compared to other biochar. The lowest 

available S content (6.57 ppm) was found in T1 (control). The increasing order of S was T1 

(6.57) < T2 (9.72) < T9 (10.60) < T10 (11.57) < T11 (12.09) ~ T6 (12.09) < T7 (12.35) < T8 

(13.40) < T5 (15.12) < T3 (15.57) < T4 (15.82). 
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Table 4.4: Effect of residual biochar with reduced doses of chemical fertilizers on root 

length, fresh root weight and dry root weight of okra 

Treatments Root length  

(cm) 

Fresh root weight 

(g) 

Dry root weight  

(g) 

T1 6.3 e 2.7 j 0.304 j 

T2 7.3 d 3.0 i 0.333 i 

T3 8.4 ab 5.7 a 0.630a 

T4 8.7 a 5.3 b 0.583 b 

T5 8.3 ab 5.1 bc 0.561 bc 

T6 7.9 bcd 4.9 cd 0.546 cd 

T7 8.0 bc 4.7 de 0.524 de 

T8 8.0 bc 4.5 e 0.502 e 

T9 7.8 dbc 4.2 f 0.465 f 

T10 7.5 cd 3.4 h 0.374 h 

T11 7.6 cd 3.9 g 0.431 g 

SEM 0.089 

 

0.089 

 

0.01 

 LS ** ** ** 

CV 4.8 

 

3.5 

 

3.5 

  

The data was presented as the mean value. *= 5% Level of Significance; **= 1% Level of 

Significance; NS= Non-significant; CV= Coefficient of Variance. 

In the column figures having a similar letter(s) do not differ significantly at 5% level of 

significance. 

Treatment combinations were as follows  

T1 = No residual biochar + No chemical fertilizer (Control), T2 = 100% RDF (Recommended 

Dose of Fertilizers), T3 = 50% RDF + Residual 20 t ha
-1

 Rice Husk biochar, T4 = 50% RDF + 

Residual 20 t ha
-1

 Sawdust biochar, T5 = 50% RDF + Residual 20 t ha
-1

 Biochar enriched OF 

, T6 = 75% RDF + Residual 15 t ha
-1

 Rice Husk biochar, T7 = 75 % RDF  + Residual 15 t ha
-1

 

Sawdust biochar, T8 = 75% RDF + Residual 15 t ha
-1

 Biochar enriched OF, T9 = 100% RDF 

+ Residual 10 t ha
-1

 Rice Husk biochar, T10 = 100% RDF + Residual 10 t ha
-1

 Sawdust 

biochar,  T11 = 100% RDF  + Residual 10 t ha
-1

 Biochar enriched OF. 
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Table 4.5: Effect of residual biochar with reduced doses of chemical fertilizers on pH, 

organic carbon and organic matter of post- harvest soil 

Treatments pH OC (%) OM (%) 

T1 6.21 h 0.38 h 0.66 h 

T2 6.40 g 0.47 g 0.79 g 

T3 7.11 c 0.59 b 1.00 b 

T4 7.10 c 0.64 a 1.11 a 

T5 7.31 a 0.64 a 1.11 a 

T6 7.18 b 0.56 d 0.96 d 

T7 6.85 e 0.56 d 0.96 d 

T8 7.10 c 0.58 c 0.99 c 

T9 6.83 e 0.51 f 0.89 f 

T10 6.91 d 0.53 e 0.92 e 

T11 6.70 f 0.56 d 0.96 d 

SEM 0.017 

 

0.002 

 

0.005 

 LS ** ** ** 

CV 3.5 0.93 0.93 

 

The data was presented as the mean value. *= 5% Level of Significance; **= 1% Level of 

Significance; NS= Non-significant; CV= Coefficient of Variance. 

In the column figures having a similar letter(s) do not differ significantly at 5% level of 

significance. 

Treatment combinations were as follows  

T1 = No residual biochar + No chemical fertilizer (Control), T2 = 100% RDF (Recommended 

Dose of Fertilizers), T3 = 50% RDF + Residual 20 t ha
-1

 Rice Husk biochar, T4 = 50% RDF + 

Residual 20 t ha
-1

 Sawdust biochar, T5 = 50% RDF + Residual 20 t ha
-1

 Biochar enriched OF, 

T6 = 75% RDF + Residual 15 t ha
-1

 Rice Husk biochar, T7 = 75 % RDF  + Residual 15 t ha
-1

 

Sawdust biochar, T8 = 75% RDF + Residual 15 t ha
-1

 Biochar enriched OF, T9 = 100% RDF 

+ Residual 10 t ha
-1

 Rice Husk biochar, T10 = 100% RDF + Residual 10 t ha
-1

 Sawdust 

biochar,  T11 = 100% RDF  + Residual 10 t ha
-1

 Biochar enriched OF. 
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Table 4.6: Effect of residual biochar with reduced doses of chemical fertilizer on total N, 

available P, exchangeable K and available S of post- harvest soil                                                                                                              

Treatments Total N  

(%) 

Available P 

(ppm) 

Exchangeable K 

(meq 100/ g soil) 

Available S 

(ppm) 

T1 0.022 f 9.68 i 0.159 j 6.57 h 

T2 0.029 e 12.45 h 0.198 h 9.72 g 

T3 0.051 b 33.37 b 0.281 b  15.57 ab 

T4 0.051 b 34.96 a 0.271 c 15.82 a 

T5 0.058 a 32.61 c 0.306 a 15.12 b 

T6 0.036 d 20.33 e 0.232 d   12.09 de 

T7 0.044 c 18.56 f 0.218 f 12.35 d 

T8 0.044 c 21.93 d 0.222 e 13.40 c 

T9 0.029 e 13.43 g 0.193 i 10.60 f 

T10 0.036 d 13.55 g 0.200 h 11.57 e 

T11 0.036 d 13.79 g 0.205 g   12.09 de 

         SEM 0.001 

 

0.193 

 

0.001 

 

0.199 

 LS ** ** ** ** 

CV 3.5 

 

1.6 

 

0.81 2.8 

 
 

The data was presented as the mean value. *= 5% Level of Significance; **= 1% Level of 

Significance; NS= Non-significant; CV= Coefficient of Variance. 

In the column figures having a similar letter(s) do not differ significantly at 5% level of 

significance.  

Treatment combinations were as follows 

T1 = No residual biochar + No chemical fertilizer (Control), T2 = 100% RDF (Recommended 

Dose of Fertilizers), T3 = 50% RDF + Residual 20 t ha
-1

 Rice Husk biochar, T4 = 50% RDF + 

Residual 20 t ha
-1

 Sawdust biochar, T5 = 50% RDF + Residual 20 t ha
-1

 Biochar enriched OF 

, T6 = 75% RDF + Residual 15 t ha
-1

 Rice Husk biochar, T7 = 75 % RDF  + Residual 15 t ha
-1

 

Sawdust biochar, T8 = 75% RDF + Residual 15 t ha
-1

 Biochar enriched OF, T9 = 100% RDF 

+ Residual 10 t ha
-1

 Rice Husk biochar, T10 = 100% RDF + Residual 10 t ha
-1

 Sawdust 

biochar,  T11 = 100% RDF  + Residual 10 t ha
-1

 Biochar enriched OF. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

The research work was conducted in the research field of the Department of Soil Science, 

Hajee Mohammad Danesh Science and Technology University (HSTU), Dinajpur during 

November to January 2022 (Rabi season) to study the residual effects of biochar with reduced 

doses of chemical fertilizers on the soil properties, growth and yield response of okra. The 

experimental soil belongs to the Old Himalayan Piedmont Plain (AEZ-1). The experiment 

was laid out in a Randomized Complete Block Design (RCBD). There were eleven (11) 

treatments with three replications in the experiment. So, the total numbers of plots were 33. 

The unit plot size was 1m × 1m (1 m
2
). The treatments were T1 = No residual biochar + No 

chemical fertilizer (Control), T2 = 100% RDF (Recommended Dose of Fertilizers), T3 = 50% 

RDF + Residual 20 t ha
-1

 Rice Husk biochar, T4 = 50% RDF + Residual 20 t ha
-1

 Sawdust 

biochar, T5 = 50% RDF + Residual 20 t ha
-1

 Biochar enriched OF , T6 = 75% RDF + Residual 

15 t ha
-1

 Rice Husk biochar, T7 = 75 % RDF  + Residual 15 t ha
-1

 Sawdust biochar, T8 = 75% 

RDF + Residual 15 t ha
-1

 Biochar enriched OF, T9 = 100% RDF + Residual 10 t ha
-1

 Rice 

Husk biochar, T10 = 100% RDF + Residual 10 t ha
-1

 Sawdust biochar,  T11 = 100% RDF  + 

Residual 10 t ha
-1

 Biochar enriched OF. 

The whole required amounts of TSP, MOP, Gypsum were applied as basal dose during final 

land preparation and Urea fertilizer applied in 3 split doses. Seeds were sown on the 

November, 2022 in the field. The crop was allowed to grow until maturity and intercultural 

operations such as weeding, thinning, gap filling and irrigation were done whenever required 

in order to support normal growth of the plant. Plot wise growth and yield components were 

recorded. Soil samples were collected before fertilizers application and after harvest. Initial 

and post-harvest soil samples were analyzed for physical and chemical properties of soil 

using the standard methods. The statistical analysis was done by using statistics 10 software. 

One-way analysis of variance (ANOVA), followed by Duncan’s Multiple Range Test 

(DMRT) was performed to determine significant differences among treatments. The values of 

p < 0.05 were considered as significant. 

The result revealed that the growth and yield components such as plant height, number of 

fruit plant
-1

, marketable fruit weight plant
-1

, fruit weight plot
-1

, fruit length, fresh shoot 

biomass plant
-1

, dry shoot biomass plant
-1

, root length, fresh root weight, dry root weight 

except fruit breadth significantly influenced by the different treatments. 
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At 15 DAS, the highest plant height (21.0 cm) was observed in T8 treatment. The lowest plant 

height (12.7cm) was observed in T1 treatment.  At 30 DAS, the highest plant height (29.8 cm) 

was observed in T5 treatment when 50% RDF and Residual 20 t ha
-1

 Biochar enriched OF 

applied which was statistically parallel to T6 treatment (29.3 cm). The lowest plant height 

(17.06 cm) was observed in T1. At 45 DAS, the highest plant height (48.7 cm) was observed 

in T11. The lowest plant height (27.7 cm) was observed in T1 (control). At 60 DAS, the 

highest plant height (57.0 cm) was observed in both T11 and T10 treatment.  The lowest plant 

height (34.8 cm) was observed in T1 (control). At 75 DAS, the highest plant height (74.2 cm) 

was observed in T10 treatment when 50% RDF and Residual 10 t ha
-1

 Sawdust biochar 

applied which was statistically similar to T11 treatment (73.5 cm), T9 (71.4 cm), T7 (70.0 cm) 

and T8 (70.0 cm). The lowest plant height (47.6 cm) was observed in T1 (control) which was 

statistically akin to T2 (50.4 cm). The maximum number of fruit plant
-1

, marketable fruit 

weight plant
-1

, fruit weight plot
-1

, fruit length, fresh shoot biomass plant
-1

, dry shoot biomass 

plant
-1

(16.6, 197.8 g, 1.18 g, 11.3 cm, 181.5 g and 30.8 g respectively) was noticed in T11 

treatment on the contrary least (8.0, 36.9 g, 0.22 g, 6.6 cm, 96.6 g and 16.4 g, respectively) 

was from T1 treatment. In fruit breadth insignificant variation was observed. The highest fruit 

breadth (5.0 cm) was remarked in T10 and T11
 
treatments and lowest (4.0 cm) from T1 and T4 

treatments. The most root length (8.7 cm) from T4 and lowest (6.3 cm) from T1. The 

maximum fresh root weight and dry root weight (5.7 g and 0.630 g) observed in T3 treatments 

and lowest (2.7 g and 0.304 g) from T1 treatment. 

Application of biochar with reduced doses of chemical fertilizers resulted in a considerable 

influence on the properties of the post-harvest soils such as total N content, available P, 

exchangeable K and available S. In post-harvest soil application of chemical fertilizers gave 

positive result. The total higher levels of N, available P, exchangeable K and available S 

(0.058 %, 34.36 ppm, 0.306 meq 100 g
-1 

soil, 15.82, respectively) were found in T4 and T5 

treatment and lowest (0.022 %, 9.68 ppm, 0.159 meq 100 g
-1 

soil, 6.57
 
respectively) was in T1 

treatment. Soil pH was highest (7.31) in T treatment and lowest (6.21) was in T1 treatment. 

Again, highest OM and OC (1.11 and 0.64) was observed in both T4 and T5 treatment whereas 

lowest (0.66 and 0.38) was found in T1 treatment. 

Considering the overall results of this experiment it was observed that cultivation of okra in 

the field having residual effect of biochar with using chemical fertilizer gives better yield and 

growth compared to the field without residual effect of biochar.  
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Based on the results of the present study, following conclusion and recommendation may be 

drawn: 

Conclusions: 

1. The growth and yield contributing characteristics of okra were found significant due 

to the residual effects of biochar with reduced doses of chemical fertilizers. 

2. Application of 100% RDF and Residual 10 t ha
-1

 Biochar enriched OF (T11) was 

suitable for higher yield (1.18 kg) of okra in AEZ-1. 

3. Post-harvest soil properties revealed that the highest nutrient status (N, P, K, S) was 

found in T4 and T5 treatments.  

Recommendation: 

It can be recommended that farmers in the study area can use 100% RDF and Residual 10               

t ha
-1

 Biochar enriched OF for optimum production of the okra plant and further study can be 

conducted to evaluate more information with this combination in different location.  
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APPENDICES 

Appendix I . Location of the experimental site (map of Dinajpur Sadar Upazila showing 

the research site) 
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Appendix II: Monthly records of average air temperature, relative humidity, rainfall 

and sunshine during the experimental period (November 2022 to January 

2023) 

Month 
**Temperature 

(
o
C) 

*Relative humidity 

(%) 

*Rainfall 

(mm) 
**Sunshine (hrs) 

November 24 73.25 4.0 8.5 

December  22 72.05 3.2 7.2 

January 22 75.62 5.5 8.4 

 

**=Monthly Average,*=Monthly Total 

Source: Weather yard, Bangladesh Wheat and Maize Research Institute (BWMRI), Nashipur, 

Dinajpur 
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Appendix III: Some photographs during research period 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


