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Plants are naturally growing on the soil without hampering the eco-friendly environment. Intensive 
cultivation of crops with high yielding verities (HYV) hampering the soil health resulting unfertile soil. In 
addition, frequent uses of chemicals as well as overdose of synthetic fertilizer creating hazardous 
environment for the living things.  However, to meet up the demand of foods as well as other basic 
requirements of increasing population of the world crop cultivation techniques need to be modernized. To 
overcome this situation, application of organic fertilizer need to apply regularly. Biochar can be a good source 
of organic fertilizer and it is currently using to improve the soil health globally. To examine the effect of 
biochar on jute growth and yield an experiment was set up in two different locations (Jute Agriculture 
Experimental Station (JAES), Manikganj, and Jute Research Sub Station (JRSS), Jashore of Bangladesh) during 
the period from August to December, 2019. Results revealed that location (JAES) had significant and positive 
effect on jute physiology and seed yield and as well as seed quality. Among fourteen treatments, treatment T2 
(Recommended dose of fertilizer (RDF)) showed the highest plant height (163.5 cm), base diameter (7.44 
mm) and pod per plant (16.5) compare to the rest treatments. Treatment T6 (RDF 75% + 25%
biochar@3.0tonha-1) showed the best seed weight (2.13 g) and seed yield/ plant (3.98 g) among all
treatments. Interaction among treatments and locations, T2 x L2 affected seed germination (99%) and field
emergence (92.33%) positively. From this research it was cleared that biochar alone may not enough but
combination is required for improving jute seed yield and quality. 
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1. INTRODUCTION

Jute (Corchorus spp.) belonging to the family Malvaceae, is one of the 

important fibre and cash crops of Bangladesh (Islam and Ali, 2017). In 

agricultural sector of Bangladesh, jute is called golden fibre because of 

earning foreign currency to strong the national GDP (Anonymous, 2013). 

Jute covers around 80% of bast fibre production world-wide (FAO, 2014). 

Jute fiber is well known for its versability, durability and fitness and fiber 

is used for making different type of products including carpet, mat and 

cloths (Zhang et al., 2013). In addition, young leaves of jute are popular as 

vegetables because of containing several proteins, vitamins, minerals and 

antioxidants (Islam, 2007; Mollah et al., 2020; Tareq et al., 2019). Study 

also showed that jute plant has significant importance for pharmacological 

research as it contained several secondary metabolites important for 

human health issues (Al-Snafi, 2016).  

Jute had a significant contribution to the national economy of Bangladesh. 

However, total area of land under jute cultivation is decreasing 

continuously due to the more production of food crops and moreover jute 

price is not attractive compare to other crops in Bangladesh (Hossain et 

al., 2017). In addition, availability of quality seed and total yield also 

affected jute production in Bangladesh (Sikder et al., 2008). Recently, 

Bangladesh government has employed policy to promote investment and 

export of jute products to regain the lost position of jute in the world 

market (Islam and Ali, 2017). Recently increasing trend of jute cultivation 

has been observed in last few years because of gaining profit in jute 

cultivation (Hossain et al., 2017). Moreover, Bangladesh Jute Research 

Institute released new variety BJRI tossa pat-8 is playing an important role 

in solving the both problems. 

Jute cultivation is highly favored by the environment of Bangladesh. 

However, jute production is also dependent on the area or location of jute 

cultivation (Rashid et al., 2007). Jute requires total 1500 mm or more 

rainfall/ water and minimum 250 mm water of each month during jute 

growing season in summer 

(http://en.banglapedia.org/index.php?title=Jute).  Jute can be grown in 

different types of soil ranging from clay to sandy loam. Bangladesh Jute 

Research Institute (BJRI) applied different dose of fertilizer based on the 

varietal recommendation (Islam and Rahman, 2008). Jute plant need 

adequate amount of essential nutrients for optimum plant growth and 

development leading to yield however, continuous application of N, P and 

K can create imbalance effect of nutrients leading to decrease fertilizer 

efficiency (Lin et al., 2019; Ali et al., 2019). To overcome this problem 

application of biochar might be one of the proper solutions to solve this 

problem.  

mailto:biochar@3.0tonha-1
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Biochar is the solid product of incomplete combustion of in an oxygen 

limited environment, which is widely using in agricultural sector (Hussain 

et al., 2017; Zhu et al., 2014). Application of biochar to the soils can 

potentially help to reduce climatic change and concurrently improve soil 

function leading to high crop production (Nair et al., 2017; Verheijen et al., 

2009). In addition, biochar application increase soil water-holding 

capacity, enhanced soil water permeability, increase saturated hydraulic 

conductivity (SHC), reduced soil strength as well as modify soil bulk 

density (Asai et al., 2009; Chan et al., 2007; Laird et al., 2010). Biochar can 

also increase nutrient availability of plants by changing the physical and 

chemical properties of soils which help to root colonization by mycorrhizal 

fungi (Yamato et al., 2006). In addition, biochar may also reduce emissions 

of greenhouse gases from soil such as N2O and CH4 leading to eco-friendly 

environment (Lehmann and Rondon, 2006). 

Improvement of crop yield in agricultural sector can be achieved by soil 

improvement through using biochar (Srinivasarao et al., 2013). Biochar 

increase N availability in soil, reduce leaching loss of N by retain water 

however, N can be improved by application of biochar produced from slow 

pyrolysis rather than fast pyrolysis (Bruun et al., 2012). It was reported 

that biochar increases the crop yield without hampering the existing 

natural environment (Rawat et al., 2019). Report showed that application 

of biochar increases the yield of tomato significantly compare to the 

control treatment (Yilangai et al., 2014). In addition, vegetable yield was 

increased by 5%-25% with the using of biochar than the traditional 

agricultural practices (Vinh et al., 2014). Recent research on mung bean 

with biochar revealed the positive effect of biochar on mung bean physical 

growth and yield (Toma et al., 2017). However, effect of biochar on the jute 

production and seed quality is still unknown. So, this experiment was 

conducted to see the effect of biochar and geographical location on jute 

variety BJRI tossa-8 seed yield and quality.  

2. MATERIALS AND METHODS

The experiment was conducted at the Jute Agriculture Experimental 

Station, Manikganj, and Jute Research Sub Station, Jashore of Bangladesh 

Jute Research Institute (BJRI), Bangladesh during the period from August 

to December, 2019. BJRI tossa pat-8 was used for this research and seeds 

were collected from Bangladesh Jute Research Institute (BJRI), Manik Mia 

Avenue, Dhaka. The research was laid out in randomized complete block 

design (RCBD) with three replications. A total 14 treatment combinations 

were applied for this experiment (Table 1). The experimental plot was 3.1 

m × 3.1 m in size. At the beginning of the experiment, the soil was ploughed 

in two directions and smoothed. Seeds were sown on 10th August, 2019 

after seed treating with Vitavax 200® (0.04%). All cultural operations 

were according to Chowdhury and Hassan (2013). Jute was harvested on 

30th December, 2019. Data were subjected to ANOVA using MSTAT-C 

(Gomez and Gomez, 1984). Treatment means were separated with LSD 

(Least significant difference). Correlation studies were carried out using 

STAR software (ver. 2.0.1, IRRI, Los Banos, Laguna, Philippines).  

Table 1: Treatments combinations used in this experiment. 

T1=Control (No fertilizer),  

T2=RDF (Recommended dose of fertilizer), 

T3=Biochar@3.0tonha-1 

T4=Biochar@5.0tonha-1 

T5=Biochar@8.0tonha-1 

T6=RDF 75% + 25% Biochar@3.0tonha-1 

T7= RDF 75% + 25% Biochar@5.0tonha-1 

T8= RDF 75% + 25% Biochar@8.0tonha-1 

T9= RDF 50% + 50% Biochar@3.0tonha-1 

T10= RDF 50% + 50% Biochar@5.0tonha-1 

T11= RDF 50% + 50% Biochar@8.0tonha-1 

T12= RDF 25% + 75% Biochar@3.0tonha-1 

T13= RDF 25% + 75% Biochar@5.0tonha-1 

T14= RDF 25% + 75% Biochar@8.0tonha-1  

3. RESULTS

3.1 Effect of location on vegetative growth, seed yield and seed 

quality of jute 

Locations showed significant effect on plant height (Table 2).  The highest 

plant height (274.74 cm) and base diameter (9.08) was recorded in Jute 

Agriculture Experimental Station (JAES), Manikganj whereas the lowest 

was recorded in Jute Research Sub-Station (JRSS), Jashore. In addition, 

branches per plant, pod per plant was higher in JAES, Manikganj. However, 

plant population per plot was not affected by the locations. Interestingly, 

pod length was higher in JRSS, Jashore (6.64 cm). Number of seed in each 

pod was similar but seed yield per plant was higher in JAES, Manikganj 

(3.5 g). Seed size normally determine the seed weight. Weight of 

thousands of seed was higher in JRSS (2.20 g), Jashore compare to the 

seeds of JAES, Manikganj (1.88 g) (Table 3). However, percent of 

germination (90%) and field emergence percent (83%) of seeds were 

higher in JAES, Manikganj (Table 3). These results clearly suggesting that 

location had significant effect on vegetative growth of jute, seed yield as 

well as seed quality

Table 2: Effect of location on yield and yield contributing characters of jute seed. 

Location 
Name 

Plant 
height (cm) 

Base 
Diameter 
(mm) 

Plant 
population / 
plot 

Branches / 
plant 

Pod / 
plant 

Pod 
length 
(cm) 

Pod 
diameter 
(mm) 

No. of seed 
per pod 

Seed 
yield 
per 
plant 
(g) 

JRSS 76.12b* 5.03b 167.57a 2.65b 9.66b 6.64a 4.91b 172.81a 3.05b 

JAES 234.74a 9.08a 168.55a 3.43a 21.44a 6.270b 5.09a 176.86a 3.50a 
%CV 9.68 11.90 11.97 14.79 19.23 6.21 4.68 9.87 19.75 
LSD 6.59 0.37 12.18 0.20 1.31 0.18 0.10 7.56 0.28 

Note: JRSS: Jute Research Sub-Station, Monirumpur, Jashore; JAES: Jute Agriculture Experimental Station, Manikganj.  

* values in columns followed by the same letter are not significantly different, P≤ 0.05, LSD

Table 3: Effect of location on quality of jute seed 
Location 
Name 

1000-seed 
weight (g) 

Germination 
percent 

Field Emergence 
percent 

JRSS 2.20a* 84.79b 79.62b 
JAES 1.88b 89.83a 83.14a 
%CV 5.45 8.63 8.73 
LSD 0.12 3.30 3.11 

Note: JRSS: Jute Research Sub-Station, Jashore; JAES: Jute Agriculture 

Experimental Station, Manikganj. 

* values in columns followed by the same letter are not significantly

different, P≤ 0.05, LSD.  

3.2 Effect of biochar and fertilizer on jute growth and yield 

contributing characters 

Recommended dose of fertilizer (RDF), biochar and combination of RDF 

and biochar had significant effect on jute vegetative growth and yield 

contributing characters (Table 4). Results showed that treatment T2  

(RDF) and T7 (RDF 75% + 25% Biochar@5.0tonha-1) increased plant 

height significantly whereas treatment T3 (T3=Biochar@3.0tonha-1) and 

T14 (RDF 25% + 75% Biochar@8.0tonha-1) showed reduction in plant 

height among all treatments including control (T1) (Table 4). In case of 

plant base diameter, expanded plant diameter was observed in three 

treatments (T2, T11 and T12) however, lower plant base diameter was 

observed in two treatments T3, T14. Branches per plant were increased 

after application of RDF 25% + 75% Biochar@3.0tonha-1 (T12) but most 

of the treatments negatively affected in increasing branches of jute.  

Application of treatments showed negative effect on number of pods per 

plant and similarly pod length was not increased after application of either 

sole RDF and biochar or combinations of RDF with biochar (Table 4).  

However, pod diameter was increased (5.2 mm) by the treatment T7 (RDF 

75% + 25% Biochar@5.0tonha-1) compare to rest of the treatments. Seed 

yield was highest in T6 and lowest in T14 compare to other treatments 

along with control (T1). Number of seed per pod was negatively affected 

by the treatments. It was quite interesting that plant population per plot 
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had no effect by the treatments (Table 4). Form the above results it can be 

said that jute vegetative growth affected by different treatments were not 

the related to the jute seed yield. From these results it can be said that 

single treatment is not enough to contribute the vegetative growth of jute 

and seed production. 

Table 4: Effect of biochar treatments on yield and yield contributing characters of jute seed 

Treatments 

Plant 
height 
(cm) 

Base 
Diameter 
(mm) 

Plant 
population / 
plot 

Branches 
/ plant 

Pod / 
plant 

Pod length 
(cm) 

Pod Diameter 
(mm) 

No. of seed / 
pod 

Seed yield / 
plant (g) 

1 145.52bc* 7.18ab 159.3a 3.07ab 15.78a 6.93 a 4.82c 191.90a 2.91cd 

2 163.50a 7.44a 161.67a 3.23ab 16.52a 6.28b 4.98abc 171.03b 3.45abc 

3 143.22c 6.42b 187.17a 2.83 b 14.35ab 6.35b 5.09abc 179.07ab 2.92cd 

4 149.95abc 6.99ab 168.50a 2.75b 14.53ab 6.66ab 4.98abc 179.53ab 3.10bcd 

5 157.90abc 6.90ab 185.67a 3.08ab 15.97a 6.29b 4.88bc 179.05ab 2.89cd 

6 157.25abc 7.04ab 166.50a 2.93 b 15.65ab 6.67ab 4.98abc 170.27b 3.98a 

7 163.83a 7.35ab 170.00 a 2.98ab 15.82 a 6.41b 5.20a 184.75ab 3.53abc 
8 152.75abc 6.95ab 158.17a 3.25ab 17.13a 6.32b 5.04abc 165.93b 3.80ab 

9 158.35abc 6.90ab 158.67a 3.03ab 15.50ab 6.48ab 4.99abc 179.68ab 3.26abcd 
10 160.18abc 7.00ab 162.00a 3.05ab 16.45a 6.33 b 5.14ab 169.25b 3.27abcd 

11 159.60abc 7.49a 167.33a 2.98ab 15.05ab 6.51ab 5.06abc 170.58b 3.25abcd 

12 161.92ab 7.47a 171.50a 3.48 a 16.05a 6.42b 4.97abc 170.05b 3.54abc 

13 157.97abc 7.25ab 167.67a 3.07ab 16.62a 6.39b 4.91bc 165.02b 3.43abc 

14 144.07c 6.38b 168.67a 2.77b 12.28 b 6.36b 4.98abc 171.53b 2.61d 

%CV 9.69 11.90 11.97 14.79 19.24 6.21 4.68 9.87 19.75 

LSD 17.44 0.97 32.27 0.52 3.47 0.46 0.27 19.99 0.75 
values in columns followed by the same letter are not significantly different, P≤ 0.05, LSD. 

3.3 Effect of biochar and fertilizer on quality of jute seed 

Seed quality of jute was affected by the application of fertilizer and biochar 

(Table 5). Thousand seeds weight was positively affected by three 

treatments (T6, T7 and T10). However, T5 treatment reduced seed weight 

compare to the rest of the treatments and even less to the control 

treatment (T1). Results showed that application of RDF and biochar has 

no effect on seed germination. It was also found that treatments T4, T5, T7 

and T9 affected negatively in field emergence percent and these was 

similar with the control treatment (T1). Treatment T14 (RDF 25% + 75% 

Biochar@8.0tonha-1) alone showed the positive effect of field emergence 

and the rest treatments showed the intermediate effect. These results 

indicate that seed weight and seed quality of jute are not reliant on the 

manure or fertilizer status of the growing field.  

Table 5: Effect of biochar treatments on quality of jute seed 
Treatments 

1000 seed 
weight (g) 

Germination 
percent 

Field Emergence 
percent 

1 1.98bcd* 85.33a 78.00b 

2 2.09ab 91.83a 85.17ab 

3 2.01abcd 88.83a 83.33ab 

4 1.96cd 84.17a 78.17b 

5 1.94d 85.33a 78.33b 

6 2.13a 86.33a 81.00ab 

7 2.12a 84.17a 78.17b 

8 2.08abc 86.00a 79.67ab 

9 1.98bcd 85.17a 79.00b 

10 2.12a 86.00a 85.17ab 

11 2.00abcd 90.50a 80.17ab 

12 2.09ab 88.50a 84.67ab 

13 2.05abcd 92.17a 82.83ab 

14 1.98bcd 88.00a 87.83a 

%CV 5.46 8.63 8.72 

LSD 0.13 8.73 8.23 

* values in columns followed by the same letter are not significantly

different, P≤ 0.05, LSD. 

3.4 Interaction effect of location and treatments on jute growth and 

yield contributing characters 

The highest plant height 250.7 cm and 268.7 cm was found from the 

interaction L2 × T12 and L2 × T7, respectively; all treatments in location 1 

(L1) showed the lowest plant height (Table 6). In case of plant base 

diameter, highest result (10.2 mm) was found in L2 × T12 and the lowest 

(4.4 mm) was in L1 × T14. Plant population per plot was not affected by 

the interaction of locations and treatments (Table 6). Branches per plant 

were higher in L2 × T12 and lower was in L1 × T4. Remaining interactions 

showed the intermediate result for branches per plant. Jute plant contain 

more pods in location 2 (L2) compare to the location 1 (L1) with 

interaction of all treatments. It was quite interesting that pod length was 

positively affected by location 1 (L1) compare to location 2 (L2). The 

highest pod length was found in L1 × T1 and L1 × T6 whereas lowest length 

was observed in L2 × T3.  

Pod diameter was significantly, positively increased in all interaction 

except L1 × T1 and the highest diameter was found in L2 × T7. Number of 

seed per pod was higher (200) in treatment combination L2 × T1 and 

lower in two treatments L1 × T8 and L2 × T13. Higher seed weight per 

plant was higher in location 1 (L1) with T6 treatment and lower in location 

1 (L1) with control (T1). Remaining interaction showed the intermediate 

result. It was also observed that treatment combination L2 × T12 showed 

the positive effect on plant vegetative growth compare to the other 

treatment combination. From these results it could be concluded that 

location affect significantly for growth and seed production of jute plant. 

3.5 Interaction effect of location and treatments on quality of jute 
seed 

Combination of interaction showed significant effect on thousand seed 
weight (Table 7). Highest seed weight was observed in the treatment 
combination L1 × T10 and lower weight was observed in location 2 (L2) with 
the most of the treatments. Higher seed germination percent (99.0) was 
found in two treatments L2 × T2 and L2 × T13, respectively. Treatment 
combination L1 × T6, L1 × T10, L2 × T4 and L2 × T7 showed the lower seed 
germination percentage (Table 7). Most of the treatment combination 
showed the negative effect on field emergence percentage; only the 
combination L2 × T2 shoed the positive effect. In addition, L2 × T2 showed 
positive effect on both seed germination and field percentage (Table 7). It 
was also observed that L1 × T10 had positive effect on seed weight however, 
seed germination and field emergence percentage was negative. These 
results pointed that location along with different treatment had no 
interaction effect on seed quality. 
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Table 6: Location × treatment interaction effect on yield and yield contributing characters of jute seed 
Interaction Plant height 

(cm) 
Base 
Diameter 
(mm) 

Plant 
population / 
plot 

Branches / 
plant 

Pod / 
plant 

Pod length 
(cm) 

Pod 
Diameter 
(mm) 

No. of seed / 
pod 

Seed yield / 
plant (g) 

L1 × T1 72.70 e* 5.16e 144.00a 2.73efgh 10.47 e 7.18 a 4.75e 183.80abcd 1.93h 
L1 × T2 84.67e 5.20ef 164.33a 2.83defgh 10.67e 6.60abcde 4.88bcde 177.73abcd 3.65abcde 

L1 × T3 74.10e 4.75ef 189.00a 2.43gh 8.37e 6.77 ab 4.97 bcde 174.47abcd 2.60efgh 
L1 × T4 72.23e 4.63ef 181.67a 2.27 h 8.53e 6.65abcd 4.92bcde 180.73abcd 2.98cdefg 
L1 × T5 73.8e 4.52ef 183.67a 2.43gh 8.53e 6.55 abcdef 4.90 bcde 169.43bcd 2.30gh 
L1 × T6 82.83e 5.83e 168.0 a 2.93cdefgh 12.33de 7.17a 4.90bcde 179.20abcd 4.56a 

L1 × T7 79.00e 5.40ef 177.00a 2.57fgh 9.43e 6.78ab 4.90bcde 180.83abcd 3.62abcde 
L1 × T8 76.50e 5.43ef 157.67a 3.27bcdef 11.83de 6.33bcdef 5.00bcde 159.53d 3.71abcd 
L1 × T9 78.37e 5.08ef 160.33a 2.80defgh 9.633e 6.53abcdef 5.18 abc 167.36bcd 3.30bcdefg 
L1 × T10 75.37e 5.12 ef 156.67a 2.47 gh 9.60e 6.42bcdef 5.02 bcde 168.17bcd 3.65abcde 
L1 × T11 81.87e 5.27ef 159.67a 2.67efgh 9.63e 6.60abcde 4.783de 175.17abcd 2.84defgh 

L1 × T12 73.17e 4.72ef 172.67 a 2.63 fgh 8.07e 6.20 bcdef 4.88bcde 163.43cd 2.98cdefgh 
L1 × T13 74.93e 4.95ef 171.33a 2.60fgh 10.00e 6.50bcdef 4.87bcde 170.70bcd 2.96cdefgh 

L1 × T14 66.13e 4.40f 160.00a 2.40gh 8.13e 6.68abc 5.18 abc 168.73bcd 3.08bcdefg 

L2 × T1 218.33cd 9.19abcd 174.67a 3.40bcde 21.10abc 6.67 abcd 4.90bcde 200.00a 2.34fgh 

L2 × T2 242.33abc 9.68ab 159.00a 3.63abc 22.37ab 5.95ef 5.07bcde 164.33bcd 3.91abc 

L2 × T3 212.33d 8.08d 185.33a 3.23 bcdef 20.33abc 5.93f 5.21 ab 183.67abcd 3.26bcdefg 

L2 × T4 227.67abcd 9.35abcd 155.33a 3.23 bcdef 20.53abc 6.67abcd 5.04bcde 178.33abcd 3.25bcdefg 

L2 × T5 242.00abc 9.28abcd 187.67 a 3.73 ab 23.40ab 6.03def 4.85bcde 188.67abc 3.22bcdefg 

L2 × T6 231.67abcd 8.25cd 165.00a 2.93cdefgh 18.97bc 6.18bcdef 5.05bcde 161.33cd 3.49bcde 

L2 × T7 248.67a 9.31abcd 163.00a 3.40bcde 22.20ab 6.03def 5.49a 188.67abc 3.39bcdef 

L2 × T8 229.00abcd 8.47bcd 158.67a 3.23bcdef 22.43ab 6.31bcdef 5.07bcde 172.33abcd 3.44bcde 

L2 × T9 238.33abc 8.71bcd 157.00a 3.27bcdef 21.37ab 6.43bcdef 5.18 abc 192.00ab 3.88abcd 

L2 × T10 245.00ab 8.89abcd 167.33a 3.63abc 23.30 ab 6.23bcdef 5.09bcde 170.33bcd 3.69abcd 

L2 × T11 237.33abc 9.72ab 175.00a 3.30bcdef 20.47abc 6.42 bcdef 5.08bcde 166.00bcd 3.53abcde 

L2 × T12 250.67a 10.22a 170.33 a 4.33a 24.03a 6.63abcd 5.15 abcd 176.67abcd 4.12ab 

L2 × T13 241.00abc 9.55abc 164.00a 3.53bcd 23.23ab 6.29bcdef 4.93bcde 159.33d 3.78abcd 

L2 × T14 222.00bcd 8.37bcd 177.33 a 3.13bcdefg 16.43cd 6.03 cdef 5.09bcde 174.33abcd 2.88cdefgh 

%CV 9.68 11.92 11.98 14.79 19.23 6.21 4.68 9.87 19.75 

LSD 24.66 1.38 45.63 0.74 4.90 0.66 0.38 28.27 1.06 

L1 = Jute Research Sub-Station, Monirumpur, Jashore; L2 = Jute Agriculture Experimental Station, Manikganj. 

* values in columns followed by the same letter are not significantly different, P≤ 0.05, LSD.

Table 7: Location × treatment interaction effect on quality of jute seed 

Location × treatment Interaction 1000-Seed weight Germination percent Field Emergence percent 
L1 × T1 2.20bcd* 84.33bc 77.00d 
L1 × T2 2.33abc 84.67bc 78.00d 

L1 × T3 2.12de 84.67bc 79.67cd 
L1 × T4 2.11de 86.00bc 80.00cd 
L1 × T5 2.10de 86.00bc 78.33d 
L1 × T6 2.35ab 82.00c 78.00d 
L1 × T7 2.19bcd 86.00bc 80.67bcd 
L1 × T8 2.21abcd 84.33bc 79.33cd 

L1 × T9 2.16cd 84.67bc 79.00cd 
L1 × T10 2.39a 81.33c 76.67d 
L1 × T11 2.19bcd 84.67bc 79.33cd 
L1 × T12 2.32abc 86.00bc 81.67abcd 
L1 × T13 2.08def 85.33bc 83.33abcd 
L1 × T14 2.11de 87.00abc 76.67d 

L2 × T1 1.78h 86.33bc 79.00cd 
L2 × T2 1.86gh 99.00a 92.33a 
L2 × T3 1.90fgh 93.00abc 87.00abcd 
L2 × T4 1.81h 82.33c 76.33d 
L2 × T5 1.78h 84.67bc 78.33d 
L2 × T6 1.91fgh 90.67abc 75.67d 
L2 × T7 2.05def 82.33c 80.00cd 

L2 × T8 1.96efgh 87.67abc 79.00cd 
L2 × T9 1.81h 85.67bc 76.33d 
L2 × T10 1.86gh 90.67abc 83.67abcd 
L2 × T11 1.82h 96.33ab 90.00abc 
L2 × T12 1.86gh 91.00abc 84.00abcd 
L2 × T13 2.03defg 99.00a 92.00ab 

L2 × T14 1.84h 90.67abc 82.67abcd 
%CV 5.45 8.63 8.73 
LSD 0.18 12.34 11.64 

L1 = Jute Research Sub-Station, Monirumpur, Jashore; L2 = Jute Agriculture Experimental Station, Manikganj. 

* values in columns followed by the same letter are not significantly different, P≤ 0.05, LSD.
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3.6 Correlation coefficient analysis of vegetative growth and quality 

of seed of jute 

Statistical analyses were carried out to understand the associations among 

vegetative growth and seed quality of jute. Analysis revealed that 

significant, and positive correlation was found for plant height (PH) with 

base diameter (BD), branches per plant (BP), plant population per plot 

(PPP), pod diameter (PD) and percentage of seed germination (PGR). 

However, pod length (PL), thousand seed weight (TSW) and seed weight 

per plant (SWP) was significantly, and negatively correlated with plant 

height (Table 8). Plant base diameter (BD) had strong positive relation 

with branches per plant (BP), plant population per plot (PPP) and 

significant negative correlation with thousand seed weight (TSW) and 

seed weight per plant (SWP) (Table 8). It was also observed that 

vegetative growth had negative correlation with jute seed yield and seed 

quality. In addition, seed weight showed negative relation with seed 

germination (PGR) and field emergence (FE).  

4. DISCUSSION 

In agricultural sector, deterioration and impotence of soil are common 

obstacle for crop production (Chan and Xu, 2009). Increasing number of 

studies focused on the application of biochar for the improvement of soil 

properties for proper production of crop. Biochar improve soil structure 

to increase water holding capacity and nitrogen availability for the crop 

(Bruun et al., 2012; Laird et al., 2010). Crop production is highly depended 

on soil type, temperature, annual rainfall etc. (Mall et al., 2017; Masikati et 

al., 2019). Bangladesh has been divided in thirty agro-ecological zones 

(AEZ) based on the physiography, soils, land levels in relation to flooding 

and agro-climatology. It has been reported that crop productivity varies in 

different AEZs due to several phenomena (Quddus, 2009). In our research 

we also observed variation in vegetative growth and seed production of 

jute (Table 2 and Table 3).  

Jute Agriculture Experimental Station, Manikganj (JAES) is situated in 

AEZ-8 and Jute Research Sub-Station, Monirumpur, Jashore (JRSS) is 

under the AEZ-11 

(http://en.banglapedia.org/index.php?title=Agroecological_Zone). The 

silt-loam soil of JAES might play significant role not only to improve 

growth and yield but also quality of seed of jute variety BJRI tossa-8. 

Similar report was found in the cultivation of edible Amaranthus tricolor 

lines in Japan where production of Amaranthus tricolor was higher in grey 

soil (Oshiro et al., 2016).  

Plant requires various types of soil nutrients like N, P and K for their 

proper growth but those nutrients decrease over time in the soil (Rawat 

et al., 2019). To fulfill the required N, P and K in the soil, huge amount of 

chemical fertilizer is used however, plant can uptake a small amount from 

the soil and rest are converted into insoluble forms leading to reducing soil 

fertility, soil degradation, soil compaction and loss of soil carbon 

(Hariparasad and Dayananda, 2013; Lin et al., 2019). Biochar is a soil 

amendment agent which has unique physical and chemical properties that 

can promote crop growth and development as well as crop yield (Gwenzi 

et al., 2016; Hammer et al., 2014; Olmo et al., 2016). In this research it was 

found that most of the plant growth parameters were negatively affected 

by biochar application (Table 4).  

However, pod diameter and seed production of each plant was somehow 

positively affected. In addition, plant population and pods per plant was 

same in all treatments including control (Table 4). These results indicated 

that application of biochar alone or combination with fertilizer may not 

provide sufficient nutrients for proper plant growth. Crops respond to 

biochar in various ways and sometimes may not give the expected 

potential yield directly but improve the soil health directly (Brandstaka et 

al., 2010; Chan et al., 2008; Deenik et al., 2010; Jien and Wang, 2013). Plant 

growth is highly depended on the soil type, cultivated crops, biochar 

source and cultivation techniques (Jeffery et al., 2015; Oshiro et al., 2016). 

In addition, crop yield is highly related to the plant population and growth 

status of specific crop (Haarhoff and Swanepoel, 2018; Jolliffe et al., 1990).  

Crop production and seed quality are the fundamental parameters 

reflecting the efficacy of plant production (Salentnik et al., 2019). Seed 

weight, germination percentage and field emergence of seeds provide the 

seed quality (Bekele et al., 2019). Reports showed that application of 

biochar increase seed germination capacity of potato and wheat (Bamberg 

et al., 1986; Van Zwieten et al., 2010). However, maize seed germination 

and was not significantly affected by the application of biochar (Free et al., 

2010). It has been reported that biochar contains unwanted compounds 

as well as small to high concentration of nutrients that may inhibit seed 

germination (Garnett et al., 2004; Gaskin et al., 2008; Hille and den Quden, 

2005). Seed weight of jute in our study positively affected by the biochar 

application with inorganic fertilizer indicating the proper development of 

seed through soil treated with biochar (Table 5). 

Percentage of seed germination in laboratory condition was not affect by 

biochar application but field emergence percentage was highly affected by 

the seeds grown with biochar. Biochar might alter the organic 

mineralization which may be linked to the nitrogen mineralization and 

change in nutrient status which may affect both seed germination in field. 

Similar mechanism was reported by the experiments (Murphy et al., 2003; 

Steiner et al., 2008). Plant growth often affected by the temperature, soil 

type, annual rainfall of a particular area and understanding how plant 

interact with environmental factors is extremely important (Fourcaud et 

al., 2008; Mall et al., 2017). Jute can be grown in various soil but soil pH 

ranging between 5.0-8.6 is optimum for best production.  

JAES is under AEZ-8 having good soil organic matter and JRSS in under 

AEZ-11 having low soil fertility condition. Interaction between location 

and different treatments found the lower vegetative growth in location 

1(L1) compare to the location 2 (L2). However, plant population of plant 

was not affected by the different interactions (Table 6). These results 

suggesting the importance of location for jute cultivation. Our prediction 

was supported by the study where location was reported to be influenced 

by the environmental factors (Baker and Capel, 2011). Field emergence 

percentage also supporting our observation of soil and environmental 

condition leading to jute growth and germination in the field level (Table 

7). 

Table 8: Correlation coefficients of vegetative growth and seed quality. 
PH BD PPP BP PPP PL PD NSP TSW SWP PGR FE 

PH 1.00 
BD 0.94** 1.00 
PPP 0.03 -0.06** 1.00 

BP 0.67** 0.79** -0.14 1.00 
PPP 0.94** 0.91** -0.02 0.74** 1.00 
PL -0.37** -0.23** -0.06 -0.13 -0.27* 1.00 
PD 0.37** 0.32** 0.07 0.23** 0.30 -0.15 1.00 
NSP 0.11 0.17** 0.08 0.14 0.15 0.37** 0.07 1.00 
TSW -0.74** -0.67** -0.15 -0.43** -0.62** 0.31** -0.15** -0.10 1.00 

SWP -0.90** -0.82** 0.03 -0.53** -0.80** 0.42** -0.33** -0.08** 0.74 1.00 
PGR 0.29** 0.30** 0.15 0.17 0.19 -0.18 -0.07** -0.11** -0.34 -0.30 1.00 

FE 0.21 0.21 0.17 0.10 0.12 -0.20 -0.10 -0.13** -0.28 -0.23 0.97 1.00 
PH- Plant height; BD- Base diameter; PPP- Plant population/ plot; BP- Branches/ plant; PP- Pod/ plant; PL- Pod length; PD- Pod diameter; NSP- No. of seed/ 

pod; TSW- 1000 seed weight; SWP- Seed weight/ plant; PGR- % germination rate; FE- Field emergence.    

**. Correlation is significant at the 0.01 level  

*. Correlation is significant at the 0.05 level  
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Correlation coefficient indicates the strong relationship between to 

variables (Ratner, 2009). For optimum production of a plant, leaf area, 

plant height and total plant biomass are important because these involve 

in photosynthesis leading to yields (Arif et al., 2017). In this study plant 

growth parameters were significantly, and negatively correlated with 

yield contributing characters and finally yield (Table 8). However, plant 

height was positively correlated with base diameter, branches per plant 

and population per plot. These results clearly indicated that changes of 

plant growth parameter may change the yield and yield contributing 

parameter.   

5.CONCLUSION

Jute plant need numbers of nutrients for its growth and proper 

development. Although applying of inorganic fertilizers increase crop 

yield but deteriorate soil health as well resulting decrease of crop yield. 

Biochar is a charcoal which is used to improve soil health and creates a 

scope to release nutrients slowly. In this present study the combination of 

inorganic fertilizer and biochar was applied in various combination. 

Application of biochar alone had not significant effect on vegetative 

growth of jute however, some combination with inorganic fertilizer 

showed the positive effect. Treatment T2 increased plant height, base 

diameter and pod/plant. In addition, treatment T6 gave the highest seed 

yield per plant. Seed quality was significantly affected by the interaction of 

treatment T2 with location L2.  
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