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Abstract 

   
This study evaluated the effects of vermicompost and chemical fertilizers on the growth and yield of various 

vegetable crops in the Level Barind Tract and the High Ganges River Floodplain of Bangladesh. Experiments 

conducted on red amaranth in the Level Barind Tract demonstrated that vermicompost at 10 t/ha significantly 

outperformed 100% NPKS fertilizers, yielding 13.25 t/ha. A combination of vermicompost and NPKS (100%) 

also produced high yields, with T7 (vermicompost 10 t/ha + 50% NPKS) and T10 (vermicompost 10 t/ha + 100% 

NPKS) achieving statistically similar results of 13.25 t/ha and 13.17 t/ha, respectively. The experimental field soil 

exhibited low organic matter and deficiencies in N, P, K, and S, with a pH of 5.4 and medium fertility. The study 

comprised 12 treatments: control (T1), vermicompost at 2.5, 5.0, and 10.0 t/ha (T2, T3, T4), combinations of 

vermicompost with 50% and 100% NPKS (T5–T10), and 50% and 100% NPKS alone (T11, T12). The NPKS doses 

were 25-15-20-9 kg/ha for red amaranth. Results indicate that vermicompost at 10 t/ha (T4) consistently 

outperformed 100% NPKS (T12) in promoting growth and yield, highlighting the effectiveness of organic 

amendments in improving soil fertility and crop productivity. This study underscores the potential of integrating 

vermicompost with chemical fertilizers for sustainable vegetable production in the studied regions. 
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Introduction 

Amaranth (Amaranthus tricolor L.) plays an 

important role in nutrition among the leafy vegetables 

grown in Bangladesh. The leafy amaranth is said to be 

the native of India (Shanmugavelu, 1989 and Nath, 

1976). Among the leafy types, Amaranthus tricolor L. 

is the most commonly cultivated species in 

Bangladesh. It is cultivated all over the country in any 

season due to its adaptability to wide range of soil and 

climate. However, during winter its growth and 

development is slower than summer and rainy season 

(Bose et al., 1993).  

 

Growth, yield and quality of red amaranth depend on 

nutrient availability in soil, which is related to the 

judicious application of manures and fertilizers. 

Nutrients may be applied through two sources viz. 

organic and inorganic sources. Increased use of 

inorganic fertilizers in crop production deteriorates 

soil health, causes health hazard and cerates 

imbalance to environment by polluting air, water, soil 

etc. The continuous use of chemical fertilizers badly 

affects the texture and structure, reduces organic 

matter content and decreases microbial activities of 

soil.  

 

A good soil should have an organic matter content of 

more than 3%. But in Bangladesh, most soils have less 

than 1.5%, some soils have less than 1% organic 

matter (BARC, 1997). In continuous cropping area, 

organic matter supply to the crop field through 

different manuring practices is made only to a 

minimum extent (Islam and Hossain, 1992).  

Now-a-days gradual deficiencies in soil organic 

matter and reduced yield of crop are alarming 

problem in Bangladesh. The cost of inorganic 

fertilizers is very high and sometimes it is not 

available in the market for which the farmers fail to 

apply the inorganic fertilizers to the crop field in 

optimum time. On the other hand, the organic 

manure is easily available to the farmers and its cost 

is low compared to that of inorganic fertilizers. The 

crop production cost is more or less similar with 

organic and inorganic fertilizer (Haque, 2000), the 

use of readily available organic sources of nutrients 

should be used to maximize the economic return. 

Vermicompost is a good source of different macro and 

micronutrients particularly NPKS. Use of 

vermicompost in vegetable production in large scale 

can solve the problem for disposal of wastes and also 

solve the lake of organic matter. On the other hand, a 

judicious combination of organic and inorganic 

sources of nutrients might be helpful to obtain a good 

economic return with good soil health for the 

subsequent crop. Asiegbu and Oikeh (1995) found 

that NPK fertilizers were more efficient than the 

organic manures in supplying N, P and K at least in 

the short run, while the organic manure had an 

advantage in supply of other macro and micro 

nutrient elements not contained in NPK fertilizer.  

 

Noor (2002) suggested that addition of 10t/ha 

cowdung instead of 50% recommended dose of 

chemical fertilizer can able to produce satisfactory 

higher yield of cauliflower. 

 

Several workers stated that application of N, P, K or 

organic manure increased yield of vegetables. But 

there is no available research information about the 

effect of vermicompost and NPKS fertilizers on yield 

of red amaranth. Recently, few researches worked on 

vermicompost (Tomar, 1998 in carrot; Saikia, 1998 in 

potato; Upadhayay, 2003 in potato; Bongkyoon, 2004 

in potato etc.).   

 

Conditions are looking however, information 

regarding the use of NPKS and vermicompost alone 

or in combination on the yield of red amaranth. So, 

the present investigation was undertaken to study the 

effect of vermicompost and NPKS fertilizers on 

growth, yield and yield components of red amaranth 

in Barind soils of Bangladesh. 

 

Materials and methods 

The experiment was carried out in the Level Barind 

Soil (AEZ-25)   during rabi season from November 

2001 to January 2002 to study the effect of 

vermicompost and NPKS fertilizers on growth, yield 

and yield components of red amaranth (cv. Altapati). 

There were 12 treatments viz. T1= Control, 
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T2=Vermicompost (2.5 t/ha), T3= Vermicompost (5.0 

t/ha), T4=Vermicompost (10.0 t/ha)+ NPKS (50%), 

T7= Vermicompost (10.0 t/ha)+ NPKS (50%), T8= 

vermicompost (2.5 t/ha)+NPKS (100%), 

T9=Vermicompost (5.0 t/ha) +NPKS (100%), T10= 

Vermicompost (10.0 t/ha) +NPKS (100%), T11= NPKS 

(50%) and T12= NPKS (100%). Three crop 

experiments were laid out in RCBD with 3-

replications. Soil analysis was done for particle size 

distribution by Hydrometer method and other 

parameters by ASI method (Hunter, 1984). The test 

results showed that the soil was medium fertile with 

very low content of N & P and pH was 5.4. The land of 

the experimental field was medium high belonging to 

the “Level Barind Tract” Agro-ecological Zone (AEZ-

25). The experimental site was relatively high in 

elevation compared to surrounding blocks. The doses 

of N-P-K-S were 25-15-20-9 kg/ha. The whole 

amount of vermicompost, TSP, MP, gypsum and 50% 

of urea were applied at the time of unit plot 

preparation. The rest of urea was applied at 20 days 

after sowing seeds. The unit plot size was 1.6 cm ×1.25 

cm. The seeds of red amaranth were sown on 20 

November 2001. Weeding, irrigation, drainage and 

other intercultural operation were done when 

necessary. Data on growth, yield and yield 

contributing parameters were recorded and 

statistically analyzed with the help of computer 

package MSTAT and also tested DMRT. 

 

Results and discussion  

The present study was conducted to observe the effect 

of different doses of vermicompost and chemical 

fertilizers and their combination on growth, yield and 

yield contributing characters of red amaranth have 

been presented in different Tables and Figures.  

 

Necessary discussion and possible interaction of the 

results have been made under the following sub-

headings.

 

Table 1. Effect of vermicompost and NPKS fertilizers on plant height of red amaranth at different days after 

sowing. 

Treatments Plant height (cm) 

17 DAS 24 DAS 31 DAS 38 DAS 45 DAS 

T1 = Control 5.26 h 6.10 g 7.33 i 9.06 i 10.80 f 

T2 = VC(2.5 t/ha) 5.63 g 7.33 f 9.53 h 12.33 i 16.30 e 

T3 = VC(5 t/ha) 6.30 f 9.10 de 11.60 f 14.43 g 19.68 d 

T4 = VC(10 t/ha) 6.60 e 11.60 c 17.76 d 19.86 e 26.56 b 

T5 = VC(2.5 t/ha) + 

NPKS (50%) 

6.16 f 8.80 e 12.63 e 14.30 g 19.96 d 

T6 = VC(5 t/ha) + 

NPKS (50%) 

7.10 d 12.90 b 17.46 d 19.63 e 26.20 b 

T7 = VC(10 t/ha) + 

NPKS (50%) 

8.76 a 14.03 a 21.53 b 25.60 b 31.83 a 

T8 = VC(2.5 t/ha) + 

NPKS (100%) 

7.43 c 13.33 b 19.90 c 22.20 d 24.13 c 

T9 = VC(5 t/ha) + 

NPKS (100%) 

7.83 b 13.76 b 20.86 b 23.60 c 27.47 b 

T10 = VC(10 t/ha) + 

NPKS (100%) 

8.93 a 14.36 a 22.70 a 26.50 a 31.23 a 

T11 = NPKS (50%) 6.40 ef 8.73 e 10.50 g 13.50 h 15.67 e 

T12 = NPKS (100%) 7.30 cd 9.43 d 12.80 e 15.13 f 18.53 d 

LSD 0.2813 0.5022 0.7172 0.633 1.591 

CV (%) 6.82 7.10 4.13 6.58 5.20 

In a column, figures having same letter(s) do not differ significantly by DMRT at the 5 % level. 
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Plant height 

The plant height is the major important yield 

contributing parameter of red amaranth. The plant 

height was recorded at different growth periods i.e. at 

17, 24, 31, 38 and 45 days after sowing (Table-1). The 

plant height was increased significantly due to the 

application of different doses of vermicomposting and 

inorganic fertilizers alone or their combinations. The 

plant height was increased gradually with increase of 

growth periods. 

 

At 17 DAS, the plant height was significantly 

influenced by treatments. The plant height ranged 

from 5.26cm to 8.93cm. The highest plant height was 

recorded in T10 treatment having 8.93cm followed by 

T7 (8.76cm) but they are statistically similar. The 

shortest plant height (5.26cm) was grown by the 

control. Application of vermicompost 2.5, 5.0 and 

10.0 t/ha gave the plant height of 5.63, 6.30 and 

6.60cm. The increasing rates of vermicompost (2.5, 

5.0 and 10.0 t/ha) plus 50% recommended doses of 

NPKS fertilizers (RDF) produced plant height of 

6.16cm (T5), 7.10cm (T6) and 8.76cm (T7). On the 

other hand, 100% NPKS with increasing rates of 

vermicompost obtained 7.43 (T8), 7.83 (T9) and 

8.93cm (T10) respectively. It was concluded that 

chemical fertilizers are more favorable in earlier 

stages of crop growth. 

 

Table 2. Effect of vermicompost and NPKS fertilizers on leaves per plant of red amaranth at different days after 

sowing. 

Treatments Leaves per plant 

17 DAS 24 DAS 31 DAS 38 DAS 45 DAS 

T1 = Control 5.13 i 6.20 f 6.80 f 7.36 h 7.76 h 

T2 = VC(2.5 t/ha) 5.43 h 6.60 e 7.20 f 7.80 g 8.36 g 

T3 = VC(5 t/ha) 6.33 f 7.73 d 8.06 e 8.73 e 9.93 d 

T4 = VC(10 t/ha) 6.86 d 8.00 c 8.60 cd 9.33 c 10.16 cd 

T5 = VC(2.5 t/ha) + 

NPKS (50%) 

6.60 e 7.90 cd 8.23 de 8.40 f 8.93 f 

T6 = VC(5 t/ha) + 

NPKS (50%) 

7.00 cd 8.36 b 8.80 bc 9.10 d 9.46 e 

T7 = VC(10 t/ha) + 

NPKS (50%) 

7.36 ab 8.43 b 9.13 ab 9.66 b 10.90 b 

T8 = VC(2.5 t/ha) + 

NPKS (100%) 

7.20 bc 8.26 b 8.56 cd 8.80 e 10.33 c 

T9 = VC(5 t/ha) + 

NPKS (100%) 

7.23 bc 8.40 b 8.66 bcd 9.73 ab 10.63 b 

T10 = VC(10 t/ha) + 

NPKS (100%) 

7.50 a 8.66 a 9.40 a 9.93 a 11.43 a 

T11 = NPKS (50%) 5.76 g 6.66 e 6.86 f 7.60 g 8.20 g 

T12 = NPKS (100%) 6.76 de 7.76 d 8.40 e 8.63 e 8.93 f 

LSD 0.2333 0.1989 0.4503 0.2224 0.2984 

CV (%) 2.58 3.17 2.46 3.15 4.42 

In a column, figures having same letter(s) do not differ significantly by DMRT at the 5% level. 

At 24 DAS, the highest plant height was found (14.36 

cm) by T10 and T10 is statistically similar with T7 

treatment. The shortest plant height (6.10cm) was 

recorded in control. After passing one month or at 31 

DAS, the plant height ranged from 7.33 to 22.70cm.  

 

The highest plant height 22.70cm in T10 and the 

second highest plant height 22.53cm in T7 treatment 

and lowest 7.33cm in control. The statistically similar 

plant height was recorded of 17.76cm and 17.46cm 

respectively by 10 t/ha of vermicompost (T4) and by 

5.0 t/ha vermicompost + 50% RDF of NPKS 

respectively. Similarly, application of 2.5 t/ha 

vermicompost + NPKS (50%) and NPKS (100%) 

produced the statistically similar plant height of 

12.63cm and 12.80cm, respectively. 
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At 38 DAS, there was significant variation of plant 

height in different treatments. The highest plant 

height was observed in T10 (26.50cm) followed by T7 

(25.60cm). The shortest plant height (9.06cm) was 

produced by the control treatment. The highest plant 

height (31.83cm) at 45 DAS (or harvest) was found in 

T7 (vermicompost 10 t/ha + NPKS of 50%), which was 

statistically similar with T10 (vermicompost 10 t/ha + 

NPKS of 100%). The shortest plant height (10.80cm) 

was recorded in control (T1). However, there are no 

significant difference among treatments T3, T5 and 

T12; T4, T6 and T9; T2 and T11 at 45 DAS. 

 
Ali and Jahan (2001) found that application of 

vermicompost with NPK significantly increased the 

plant growth of sesame and lady’s finger. It is noted 

that chemical fertilizers are more efficient than 

vermicompost within one month and after one month 

the effects of vermicompost are more favorable than 

chemical fertilizers. 

 

Table 3. Effect of vermicompost and NPKS fertilizers on largest leaf length of red amaranth at different days 

after sowing. 

Treatments Largest leaf length (cm) 

17 DAS 24 DAS 31 DAS 38 DAS 45 DAS 

T1 = Control 2.50 h 3.30 g 4.16 g 4.63 f 5.04 f 

T2 = VC(2.5 t/ha) 2.70 gh 3.60 h 4.43 g 4.86 f 5.40 f 

T3 = VC(5 t/ha) 3.10 f 4.23 e 5.36 ef 5.50 g 7.33 d 

T4 = VC(10 t/ha) 3.50 de 5.43 c 7.06 c 7.83 c 8.63 c 

T5 = VC(2.5 t/ha) + 

NPKS (50%) 

3.33 ef 4.10 e 5.10 f 6.20 d 7.10 d 

T6 = VC(5 t/ha) + 

NPKS (50%) 

3.70 cd 5.10 d 6.53 d 7.46 c 8.23 c 

T7 = VC(10 t/ha) + 

NPKS (50%) 

3.93 bc 6.20 b 8.20 a 9.06 a 10.10 a 

T8 = VC(2.5 t/ha) + 

NPKS (100%) 

3.50 de 5.26 cd 6.80 cd 7.90 c 8.50 c 

T9 = VC(5 t/ha) + 

NPKS (100%) 

4.03 ab 6.00 b 7.50 b 8.40 b 9.16 b 

T10 = VC(10 t/ha) + 

NPKS (100%) 

4.26 a 6.63 a 8.36 a 8.83 ab 9.80 a 

T11 = NPKS (50%) 2.80 g 3.46 fg 4.36 g 4.66 f 5.20 f 

T12 = NPKS (100%) 3.20 f 4.26 e 5.50 e 6.30 d 6.50 e 

LSD 0.2631 0.2631 0.3145 0.4821 0.5263 

CV (%) 5.47 4.45 6.33 5.18 8.12 

In a column, figures having same letter(s) do not differ significantly by DMRT at the 5% level. 

Asiegbu and Oikeh (1995) reported that chemical 

fertilizers (NPK) were efficient than the organic 

manures in the short run. In absence of NPKS only 

organic manure could not produce higher yield of 

broccoli (Akter et al. 1996). The results agree with the 

findings of Kabir (1998) and Azad (2000) who stated 

that combined application of manures and chemical 

fertilizers performed the highest plant height of 

cabbage. Bonkyoon (2004) reported that the plant 

height of potato was higher in the plots where 

earthworm casts (vermicompost) and NPK fertilizers 

were applied than in the control plot. Application of 

N, P, K and S significantly increased plant height of 

broccoli also reported by Anwar et al. (2001) and 

Kadir (2002). 

 

Number of leaves per plant 

The number leaves per plant is an important yield 

contributing parameter of red amaranth. The number 

of leaves per plant showed significant variations by 

the applications of treatments at different DAS 

(Tables-2). The number of leaves was increased 

gradually with time and reached its peak at harvest 

(45DAS) in respect of all treatments. 
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At 17 DAS, the number of leaves per plant ranged 

from 5.13 to 7.50. The maximum leaves (7.50) per 

plant was observed in T10 followed by T7. The 

minimum number of leaves per plant was found in 

the control (T1). However, there are no significant 

difference between T8 and T9 treatments. At 24 DAS, 

number of leaves per plant ranged from 6.20 to 8.66. 

The maximum number of leaves (8.66) per plant was 

recorded in T10 treatment. The second highest and 

statistically similar number of leaves were observed 

from T6 to T9 treatments. The lowest (6.20) number 

of leaves per plant was in control.  

 

Table 4. Effect of vermicompost and NPKS fertilizers on largest leaf breadth of red amaranth at different days 

after sowing. 

Treatments Largest leaf breadth(cm) 

17 DAS 24 DAS 31 DAS 38 DAS 45 DAS 

T1 = Control 1.86 g 2.44 h 3.10 g 3.56 g 4.03 i 

T2 = VC(2.5 t/ha) 2.23 f 2.90 fg 3.73 ef 4.03 ef 4.56 gh 

T3 = VC(5 t/ha) 2.43 e 3.16 e 4.10 de 4.30 e 5.13 f 

T4 = VC(10 t/ha) 2.73 c 3.60 c 4.26 cde 5.50 c 6.40 d 

T5 = VC(2.5 t/ha) + 

NPKS (50%) 

2.46 e 3.03 e 4.10 de 4.73 d 5.00 f 

T6 = VC(5 t/ha) + 

NPKS (50%) 

2.76 c 3.40 d 4.56 bcd 5.00 d 5.80 e 

T7 = VC(10 t/ha) + 

NPKS (50%) 

3.13 b 4.16 b 4.73 bc 6.70 a 8.63 a 

T8 = VC(2.5 t/ha) + 

NPKS (100%) 

2.66 cd 3.73 c 4.53 bcd 5.70 c 7.23 c 

T9 = VC(5 t/ha) + 

NPKS (100%) 

3.16 b 4.00 b 4.90 b 6.03 b 7.46 bc 

T10 = VC(10 t/ha) + 

NPKS (100%) 

3.40 a 4.40 a 5.43 a 6.46 a 7.73 b 

T11 = NPKS (50%) 2.10 f 2.73 g 3.40 fg 3.83 fg 4.30 hi 

T12 = NPKS (100%) 2.53 de 3.40 d 3.80 ef 4.23 e 4.76 fg 

LSD 0.1861 0.1723 0.5216 0.3066 0.4040 

CV (%) 3.09 4.35 5.56 4.91 7.07 

In a column, figures having same letter(s) do not differ significantly by DMRT at the 5% level. 

At 31 DAS, the number of leaves per plant in different 

treatments ranged from 6.80 to 9.40. The lowest and 

statistically similar number of leaves per plant was 

observed in T1, T2 and T11 treatments. The maximum 

number of leaves (9.40) was produced by T10 

treatment. The treatments T6, T7 and T9 did not differ 

significantly with regard to number of leaves per 

plant. Similarly, T4 was similar to T8 and T9. The 

application of 5 t/ha of vermicompost (T3) produced 

the number of leaves per plant (8.06), which was 

statistically similar (8.40) with 100% NPKS (T12). 

 

At 38 DAS, the highest number of leaves (9.93) was 

also observed in T10 treatment, which was similar to 

T9. The similar leaves per plant were found between 

T3, T8 & T12, and T2 with T11. At harvest (45 DAS), the 

number of leaves per plant was more than previous 

growth period. Application of vermicompost and 

NPKS at different doses along or their combinations 

markedly influenced the number of leaves per plant. 

The number of leaves per plant in different 

treatments ranged from 7.76 to 11.43. 

 

The maximum number of leaves (11.43) was obtained 

by adding 10 t/ha vermicompost + NPKS (100%) (T10) 

and followed by 10 t/ha of vermicompost + 50% 

NPKS (Table-5). But treatment T7 and T9 did not 

differ significantly. Application of increasing rates of 

vermicompost (0, 2.5, 5, 10 t/ha) produced the 

number of leaves per plant of 7.76, 8.36, 9.93 and 

10.16, respectively (T1 to T4). However, treatment T3 

and T4 are similar with regard to leaves per plant. 
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The treatment T4 was similar to T8 that produced 

10.16 and 10.33 of leaves per plant respectively. 

Application of 2.5 t/ha of vermicompost (T2) and 

NPKS of 50% (T11) produced the statistically similar 

number of leaves per plant. On the other hand, 

application of 2.5 t/ha vermicompost + NPKS 50% 

and NPKS (100%) performed similar number of 

leaves per plant. The results agreed with the findings 

of Asiegbu and Oikeh (1995), Rahman (1996).  

 

The application of only poultry manure and cowdung 

caused yield depression even at higher doses (Akter et 

al. 1996) and they also reported that 10 t/ha of 

poultry manure with recommended doses of chemical 

fertilizers produced the highest yield of broccoli. The 

application of 8-10 t/ha vermicompost tended to 

increased tuber diameter, number of stems/plant and 

chlorophyll level of potato plant (Bongkyoon, 2004).  

 

Largest leaf length 

Largest leaf length is the indicator of plant size as well 

as yield of red amaranth. Significant effect of different 

treatments was observed on the leaf length of red 

amaranth at growth period (Table-3). It was found 

that leaf length was increased gradually with the 

increase of growth period. 

 

Table 5. Effect of vermicompost and NPKS fertilizers on yield and yield components of Red Amaranth. 

Treatments Stem length 

(cm) 

Stem breadth 

(mm) 

Wt. of plant 

(g) 

% DM of 

plant 

Total DW  

(kg/ha) 

Yield (t/ha) 

T1 = Control 8.03 j 11.16 f 2.80 g 10.36 e 337.38 h 3.25 i 

T2 = VC(2.5 t/ha) 10.40 i 12.13 f 3.30 f 10.80de 608.51 g 5.63 g 

T3 = VC(5 t/ha) 15.20 ef 14.56 e 4.50 e 11.06 cde 811.70 ef 7.33 e 

T4 = VC(10 t/ha) 18.93 c 20.46 a 9.80 b 11.80 ab 1025.56 d 8.68 d 

T5 = VC(2.5 t/ha)  

     + NPKS (50%) 

14.56 fg 15.06 de 6.30 d 10.56 de 766.31 f 7.25 ef 

T6 = VC(5 t/ha)  

    + NPKS (50%) 

17.13 d 16.96 c 8.10 c 10.90de 1083.66 d 9.95 c 

T7 = VC(10 t/ha) 

    + NPKS (50%) 

21.60 a 21.53 a 11.80 a 11.26 bcd 1491.33 b 13.25 a 

T8 = VC(2.5 t/ha)  

    + NPKS (100%) 

15.46 e 17.26 ab 6.80 d 10.86 de 887.66 e 8.17 d 

T9 = VC(5 t/ha)  

    + NPKS (100%) 

18.43 c 18.73 b 9.40 b 11.1 bcde 1402.56 c 12.47 b 

T10 = VC(10 t/ha)  

     + NPKS (100%) 

19.90 b 20.96 a 11.50 a 12.23 a 1609.70 a 13.17 a 

T11 = NPKS (50%) 11.53 h 11.93 f 3.20 f 10.96 cde 539.01 g 4.83 h 

T12 = NPKS (100%) 14.46 g 16.16 cd 5.20 de 11.66 abc 790.13 f 6.78 f 

LSD  0.6672 1.5120 2.1640 0.6597 80.21 0.5216 

CV (%) 3.94 4.18 3.17 5.66 9.95 6.79 

In a column, figures having same letter(s) do not differ significantly by DMRT at the 5% level. 

At 17 DAS, the leaf length varied significantly by the 

application of different doses of vermicompost and 

NPKS of 50% or 100% alone or in combination. The 

application of vermicompost (10 t/ha) + NPKS 

(100%) produced maximum length of leaf (4.26cm) 

and followed by vermicompost (5 t/ha) + NPKS 

(100%) of 4.03cm. The treatment T3 (vermicompost 5 

t/ha) is similar to T12 (100% NPKS) and T4 with T8. 

The smallest leaf length (2.50cm) was found in 

control (T1). At 24 DAS, the leaf length was increased 

rapidly than 17 DAS in respect of all treatments. The 

highest leaf length was found in T10 followed by T7 

and the lowest was in control. The treatment T7 is 

similar to T9. In growth period within 24 days, the 

response of chemical fertilizer is more efficient than 

vermicompost. At 31 DAS, the largest leaf length 

ranged from 4.16cm to 8.36cm. The highest leaf 

length 8.36cm was obtained with T10. The T10 is 

statistically similar to T7. The second highest leaf 

length (7.50cm) was recorded by the application of 
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vermicompost (5 t/ha) + NPKS (100%). The 

treatment T2 (vermicompost 2.5 t/ha) is similar to T1 

and T11. At 38 DAS, the leaf length increased 

significantly by treatments. The application of 

different treatments produced the leaf length from 

4.63cm to 9.06cm. The highest leaf length of 9.06cm 

was found by adding vermicompost (10 t/ha) + 50% 

NPKS, which is statistically similar by vermicompost 

(10 t/ha) + 100% NPKS (T10). The lowest leaf length 

was found in control. The treatments T1, T2 and T11 

are also statistically similar. Similarly, T5 is similar 

with T12 and T8 is similar with T4 & T6. At 45 DAS, the 

largest leaf length of red amaranth remarkable 

influenced due to the application of treatments. The 

leaf length ranged from 5.05cm to 

10.10cm. The treatment T7 caused the maximum leaf 

length (10.10cm) which was statistically identical with 

the treatment T10 but significantly different from the 

rest treatments. The results reveal that vermicompost 

(10 t/ha) with 50% or 100% recommended dose of 

NPKS fertilizers influenced markedly on the leaf 

length. Application of 50% and 100% doses of NPKS 

fertilizers produced leaf length of 5.20cm and 

6.50cm, respectively. The treatments T1, T2 and T11 

were statistically similar leaf length and treatment T4 

is similar with T6 and T8. 

 

Largest leaf breadth 

Largest leaf breadth per plant of red amaranth was 

significantly influenced by treatments at different 

growth period (Table-4). The leaf breadth was 

gradually increased up to harvest of the crop. 

 

 

Fig. 2. Effect of vermicompost and NPKS fertilizers on percent increase of yield and dry weight of red amaranth 

over control. 

At 17 DAS, the leaf breadth ranged from 1.86cm to 

3.40cm. The maximum leaf breadth (3.40cm) was 

recorded in T10 (vermicompost 10 t/ha + NPKS 100%) 

followed by T7 and T9. The treatment T7 and T9 are 

similar in statistically. Similarly, the treatment T2 is 

similar with T11; T3 is similar with T5 & T12; T4 is 

similar with T6 & T8. The lowest leaf breadth was also 

found in control plot. 

 

At 24 DAS, the maximum leaf breadth was observed 

in T10 followed by T7 and T9. The treatments did not 

differ significantly in T4 with T8, T3 with T5, T2 with 

T11, and T6 with T12. At 31 DAS, the leaf breadth 

ranged from 3.10cm to 5.42cm as influenced by 

treatments. The maximum leaf breadth (5.43cm) was 

recorded in T10. The treatments T9, T8, T7 and T6 did 

not differ statistically. The minimum leaf breadth was 

also found in control (T1). 

 

In growth period up to 31 DAS, the maximum leaf 

breadth was observed in T10 treatment, but after one 

month i.e. 38 and 45 DAS the highest leaf breadth  
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was produced by T7 followed by T10. 

 

The results showed that applied vermicompost are 

more effective after one month of growth period. The 

application of 50% recommended doses of NPKS with 

vermicompost (10 t/ha) is more favorable than 100% 

NPKS + vermicompost (10 t/ha) in respect of leaf 

breadth. 

 

The results are in partially support with the findings 

of Balyan et al. (1988) who reported that N fertilizer 

increased the number of leaves per plant and leaf size 

(cauliflower) over the control. Anwar et al. (2001) 

reported that the application of N, P, K and S 

significantly increased leaf breadth of broccoli. 

 

Stem length 

The stem length is an important yield contributing 

parameter of red amaranth. The stem length was 

measured after harvest of the crop. Application of 

different treatments performed significantly and 

varied widely over the control. Application of 

vermicompost at 2.5, 5.0 and 10.0 t/ha increased 

stem length of 10.40, 15.20 and 18.93cm respectively. 

The increasing rates of vermicompost with 50% or 

100% NPKS showed stem length in the following 

orders: T8 > T5, T9 > T6 but T7 > T10. The treatment T4 

is similar with T9. The treatments T11 and T12 

produced stem length of 11.3cm and 14.46cm, 

respectively. 

 

Application of vermicompost (10 t/ha) + NPKS (50%) 

obtained higher stem length (21.60cm) than 

vermicompost (10 t/ha) with NPKS (100%). This may 

be due to the over nutrition to the crop, because red 

amaranth is a short durable vegetable. 

 

Stem breadth 

The stem breadth was significantly influenced by 

different treatments. The stem breadth ranged from 

11.16mm to 21.53mm in different treated plot. The 

maximum stem breadth (21.53mm) was found by the 

application of vermicompost (10 t/ha) + NPKS (50%) (T7) 

followed by T10 (20.96mm) and T4, but they are 

statistically similar. 

The treatment T8 is similar with T9; T1 is similar with 

T2 & T11; T6 is similar with T12 and T3 is similar with 

T5. The above results showed that the response of 

vermicompost is more efficient than chemical 

fertilizers when N-P-K-S were used at 25-15-20-9 

Kg/ha (100%) in Barind soils. 

 

Weight of plant 

The weight of plant responded significantly by the 

application of different treatments (Table-8). The 

treatment T7 with 11.80g per plant gave the highest 

plant weight but T7 is similar with T10 (11.50g), and 

followed by T4, T9 and T6. The treatment T4 and T9 did 

not differ significantly. Similarly, T2 is similar with 

T11; T5 with T8 & T12. The lowest plant weight (2.80g) 

was found in control. 

 

The results showed that vermicompost performed the 

best response on growth of red amaranth plant. The 

results are in conformity with the findings of many 

workers with different crops (Akter et al. 1996 in 

broccoli; Zarate et al. 1997 in lettuce; Tomas 1998 in 

brinjal and carrot; Saikia 1998 in potato; Azad 2000 

in cabbage and Bongkyoon 2004 in potato). Noor 

(2001) suggested that addition of 10t/ha cowdung 

instead of 50% recommended dose of chemical 

fertilizer can able to produce satisfactory higher yield 

of cauliflower. 

 

Percentage of dry matter of plant 

Significant variation in respect of percent dry matter 

of red amaranth plant was observed in different 

treatments. The maximum dry matter (11.50%) was 

found from the plants that were treated with T10 (10 

t/ha vermicompost + 100% NPKS), whereas the 

lowest (10.36%) was found in control (Table-5).  

 

There were no significant difference in treatments T9 

with T7; T2 with T5, T6, T8 and T11. 

 

The effect of inorganic + organic fertilizer in this 

regard may be attributed to the provision of favorable 

soil condition and supply of proper nutrients for 

better growth and yield of plant which produced 

higher amount of dry matter of red amaranth plant. 
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Yield 

Application of different doses of vermicompost and 

NPKS fertilizers alone and their combinations 

significantly influenced the fresh yield of red 

amaranth. The increasing rates of vermicompost (2.5, 

5, 10 t/ha) gave the yield of 5.63, 7.33 and 8.68 t/ha 

respectively. Application of 2.5, 5 & 10 t/ha produced 

the yield increase by 73.2, 125.5 & 167.0% 

respectively.   

 

Application of 50% and 100% recommended doses of 

NPKS produced the yield of 4.83 and 6.78 t/ha 

respectively. The highest yield (13.25 t/ha) was 

observed in vermicompost (10 t/ha) + 50% NPKS (T7) 

which was statistically similar yield (13.17 t/ha) found 

by vermicompost (10 t/ha) + 100% NPKS (T10). It is 

indicated that 50% NPKS with 10 t/ha of 

vermicompost produced best economic yield and also 

helps to minimizing soil pollution and health hazard. 

Similar results was also reported by Noor (2002). 

 

The statistically second highest yield (12.47 t/ha) was 

found by the application of vermicompost (5 t/ha) + 

100% NPKS (T9) followed by 9.95 t/ha (T6), 8.68 t/ha 

(T4), 8.17 t/ha (T8), 7.33 t/ha (T3) and 7.25 t/ha (T5). 

The treatment T4 is similar with T8 and T3 with T5. 

The lowest yield 3.25 t/ha was found in control. 

 

The yield response over control presented in Figure-2. 

The minimum yield increase over control was 48.6% 

by the application of NPKS (50%), while application 

of NPKS (100%) increased yield by 108.6%. 

 

Application of 2.5 t/ha of vermicompost increased the 

yield by 73.2%, while addition of 50% NPKS and 

100% NPKS increased the yield by 123.0% and 151.3% 

respectively. Similarly, 5.0 and 10.0 t/ha 

vermicompost increased by 125.5% and 167.0%, while 

50% and 100% NPKS increased by 206.1% and 

283.7% respectively. The highest yield increased by T7 

(307.1%) followed by T10 (305.7%). 

 

The results suggested that the effects of 

vermicompost are more efficient than chemical 

fertilizers for the production of red amaranth. 

Bongkyoon (2004) reported that the effect of 

vermicompost (EWC) application were favorable than 

the effects of the application of a chemical fertilizer. 

The findings are in partial agreement with many 

workers in different vegetable crops (Akter et al. 1996 

in broccoli; Ying et al. 1997 in broccoli; Zarate et al. 

1997 in lettuce; Kadir 1998 in cabbage; Tomar 1998 in 

brinjal and carrot; Saikia 1998 in potato; Azad 2000 

in cabbage, Ali and Jahan 2001 in lady’s finger and 

Kadir 2002 in broccoli). 

 

Total dry weight 

The total dry weight of red amaranth was calculated 

from the fresh yield with multiplied by dry matter (%) 

in respective treatments. The dry weight was 

significantly increased in different treatments over 

control. The total dry weight of red amaranth ranged 

from 337.38 to 1609.70 kg/ha.  

 

The maximum dry weight (1609.70 kg/ha) was 

observed in T10 treatment and followed by T7 (1491.33 

kg/ha). The fresh yield by T7 and T10 are similar but 

percent dry matter T7 > T10. So, the total dry weight in 

T10 was found to be higher than T7. The lowest dry 

weight was obtained by 337.38 kg/ha in control. The 

treatment T4 is statistically similar with T6; T3 with T8 

and T2 with T12. The relative increased of dry weight 

over control have been presented in Figure-3. 

Application of 2.5, 5.0 and 10.0 t/ha of vermicompost 

(T2, T3 and T4) increased dry weight over control by 

80.3, 140.5 and 203.9% respectively. The minimum 

increase of dry weight over control was 59.1% by the 

application of 50% NPKS, while addition of more 50% 

i.e. 100% of NPKS increased the dry weight by 

134.2%. The highest increase of dry weight of 377.1% 

by the application of vermicompost (10 t/ha) + NPKS 

(100%) but application of vermicompost (10 t/ha) + 

NPKS (50%) increased by 342%. 

 

Conclusion 

This study investigated the effects of vermicompost 

and chemical fertilizers on the yield and growth of 

various vegetable crops in Bangladesh’s Level Barind 

Tract and High Ganges River Floodplain. In our 

experiments on red amaranth in the Level Barind 
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Tract showed that vermicompost (10 t/ha) 

outperformed 100% NPKS fertilizers in red amaranth, 

while the combination of vermicompost and NPKS 

(100%) resulted. The highest yields were 13.25 t/ha 

for red amaranth. The organic matter of the 

experimental field soil was very low and in case of N, 

P, K & S also low. The land was medium fertile and 

PH was 5.4. There were 12 treatments viz. control 

(T1), vermicompost (VC) 2.5 t/ha (T2), VC 5.0 t/ha 

(T3), VC 10.0 t/ha (T4), VC 2.5 t/ha+50% NPKS (T5), 

VC 5 t/ha+50% NPKS (T6), VC 10 t/ha+50% NPKS 

(T7), VC 2.5 t/ha+100% NPKS (T8), VC 5 t/ha+100% 

NPKS (T9), VC 10 t/ha+100% NPKS (T10), 50% 

NPKS (T11) and 100% NPKS (T12). These three 

experiments were laid out in RCBD with three 

replications (Per crop). The doses of N-P-K-S were 

25-15-20-9 kg/ha for red amaranth. The 10 t/ha 

vermicompost showed better growth and yield than 

100% NPKS (T12) in red amaranth. The highest yield 

(13.25 t/ha) of red amaranth was found in T7 followed 

by T10 (13.17 t/ha) but both are statistically similar. It 

is noted that vermicompost (10 t/ha) performed the 

better response than NPKS (100%) in red amaranth. 

Overall, the study highlighted the positive impact of 

vermicompost and micronutrients on vegetable crop 

performance in both soil types. 

 

References 

Ahmad KV. 1977. Potato for the Tropics. Mrs. 

Mumtaj Kamal, Bunglow No. 2, West of Agricultural 

Laboratory, Farmgate, Dhaka, Bangladesh. 240 p. 

 

Ahmed L, Khattak JK, Perveen S, Jabeen T. 

1979. Effect of boron on the yield and crude protein of 

wheat. Pakistan Journal of Scientific and Industrial 

Research 22(5), 248-250 p. 

 

Aktar S, Noor S, Rahman M, Sultana S, Nandi 

SK. 1996. Effect of organic manure and chemical 

fertilizer on the yield of broccoli.  Bangladesh Hort. 

24(1&2), 59-64 p. 

 

Alam A. 2004. Effects of organic and inorganic 

fertilizers on the growth and yield of carrot. M.S. 

Thesis, Dept. of Horticulture, BAU, Mymensingh. 

Anonymous (BARC). 1997. Fertilizer 

Recommendation Guide. Bangladesh Agricultural 

Research Council. Farmgate, Dhaka.  P 15.   

 

Anwar MN, Huq MS, Nandy SK, Islam MS. 

2001. Effect of N, P, K, S and Mo on growth and curd 

yield of broccoli in gray terrace soil. Bangladesh 

journal of Agricultural Research 26(4), 549-555 p. 

 

Bair W. 1990. Characterization of the environment 

for sustainable agriculture in semi-arid tropics proc. 

suitable agriculture issues, perspectives and prospects 

semi-arid tropics. Sing. R.P. ed. Hydrabad. India. Vol. 

1. 90-128 p. 

 

Bajwa MS, Sharma HC. 1990. Effectiveness of 

gypsum and sulfuric acid in reclaiming boron rich 

soils. Journal of the Indian Society of Soil Science 

(38), 355-357 p. 

 

Balooch AF, Balooch MA, Qayyum SM. 1993. 

Influence of phosphorus and potassium fertilizer 

combination levels with standard dose of nitrogen on 

the productivity of carrot (Daucus carota L.) Sarhad 

J. Aric. 9(1), 21-25 p. 

 

Bose TK, Som MG, Kabir T. 1993. Vegetable 

Crops in India. Naya Prakash, Calcatta, India.  

 

Burghardt H, Ellering K. 1986. Tolerance and 

effect of leaf fertilization treatments on vegetables. 

Gartebauwiss. 51(2), 48-52 p.  

 

Campbell JD, Gusta LV. 1966. The response of 

carrots and onions to micro nutrients on an organic 

soil in manitoba. Canadian Journal of Plant Science 

(46), 419-423 p. 

 

Chattopadhyay PK,  Gogoi SK. 1990. B, Zn, Cu, 

Fe and Mn nutrition in papaya. The Orissa Journal of 

Horticulture (18), 6-11 p. 

 

Cutclifee JA, Munro DC. 1976. Effects of nitrogen, 

phosphorous and potassium on yield and maturity of 

broccoli. Canadian Journal of Plant Science 56(1), 

127-131 p. 



 

85 Hasan et al. 
 

Int. J. Biosci. 2025 

Das DK. 1999. Introductory Soil Science. Kalyani 

publicatinons. 1/1, Rajinder Nagar, Ludhiana-141008, 

India. 258-259 p. 

 

Datta T, Chakraborty T. 1995. Effect of organic 

manures and subabul         (Leucacna Leucocephala) 

leaf mulching under varying levels of fertility on 

growth and yield of potato and weed biomass. Indian 

Journal of Agronomy 40(1), 140-142 p. 

 

Dev G, Kumar V. 1982. Secondary nutrients. In 

Review of Soil Research in India. Part I, Indian 

Society of Soil Science New Delhi, 342-360 p. 

 

Donahue RL, Miller RW, Shickluna JC. 1983. 

Soils an introduction to soils and plant growth (5th 

Ed.) 232 p. 

 

Efkar A, Jan N, Kharttak SG, khattak MJ, 

Ahmad E. 1995. Potato yield as affected by boron 

fertilizer mixing with and without farm yard manure. 

Sarhad Journal of Agriculture 11(6), 725-728 p. 

 

El-Beheidi M, Nansi AA. 1975. The effect of 

nitrogen level and spacing on cabbage yield. Beitrage 

fur Tropis. Lundwi and Veterinar 11(3), 291-297 p. 

 

Evers AM. 1989. Effects of different fertilization 

practices on the glucose, fructose, sucrose, taste and 

texture of carrot. The Journal of Agricultural Science 

 (Finland). 61(2),113-122 p.  

 

FAO. 2000. Production Yearbook. Food and 

Agriculture Organization, Rome, Italy, (54), 160-161 

p.  

 

Farid ATM, Rahman M, Talukder KH, 

Shahidullah M, Islam MS. 1998. Efficiency of 

poultry manure and cowdung alone and in 

combination with mineral fertilizers on the yield of 

cabbage. Bangladesh Agricultural Research 23(1), 

157-165 p. 

 

Gordon HR, John AB. 1979. Horticulture First 

Edition, McGraw Hill Book Co. New York. P 545-546. 

Guardsa G, Tassoni F. 1994. Effect of mineral and 

organinc nitrogen fertilizer on production and quality 

of potato chips. In: Proceedings of the Third Congress 

of the European Society for Agronomy, Padova 

University, Italy, 18-22 September 1994. 

 

Hill TR. 1990. Effect of plant spacing and 

nitrogenous fertilizer on the yield and plant 

conformation of Chinese cabbage. Australian Journal 

of Experimental Agriculture 30(3), 437-439 p. 

 

Hossain SMF, Sattar MA, Rahman MH, Islam 

MR. 1999. Effect of fertilizers and manures on yield 

ecology and managment of wheat at old Brahmaputra 

floodplain soil. Bangladesh Journal of Environmental 

Science (5), 179-185 p. 

 

Hunter AH. 1984. Soil fertility and analytical 

services in Bangladesh. BAC/IDAS Consultancy Rep. 

Contract Aid. 388-005 p. 

 

Ifenkwe OP, Okonkwo JE, Nwokocha HN, 

Njoku JC. 1987. Effect of organic and inorganic 

nutrient sources on total and graded yield of potato in 

the Jos plateau of Nigeria. Proceedings of the Third 

Triernial Symposium of the International Society for 

Tropical Root Crops-Africa branch. 42(9), 887 p. 

 

Ilin Z, Durvra M, Markovic V, Branka 

Seferovic.  1992. Yield and quality of young potato 

effected by irrigation and farm manure. Savremena 

Poljop Rivreda. 40(1-2), 211-215 p. 

 

Jacobson R, Kellman J, Menis J. 1984. Hybrid 

carrots of the Nantes group. Hassadeh. 60(10), 1812-

1813 p.  

 

Jahiruddin M, Islam MN, Hashem MA, Islam 

MR. 1994. Influence of S. Zn and B on yield and 

nutrient uptake of BR2 rice. Progressive Agriculture 

5(1), 75-79 p. 

 

Jones HE, Scarseth GD. 1944. The Calcium-Boron 

Balance in Plants as related to Boron needs. Soil 

Science (57), 15-24 p. 



 

86 Hasan et al. 
 

Int. J. Biosci. 2025 

Kabir HT. 1998. Effect of sources of nutrients on 

yield and quality of cabbage. An M. S. Thesis. Dept. of 

Hort. Bangladesh Agricultural University 

Mymensingh. 13-39 p. 

 

Kadi N, Chacin F, Zapata F, Alvarracin M. 

1994. Fertilization and planting density in carrot. 

Revistade la facultad de Agronomia, Universidad 

central de Venezuela 20(3&4), 155-165 p.  

 

Kadir MA. 2002. Effect of different nutrients on 

growth and yield of broccoli. M. S. Thesis. Dept of 

Hort. BAU, Mymensingh. 25-35 p. 

 

Lenka RC, Dash PK, Dash JN, Dash DK. 1990. 

Effect of nitrogen and lime on growth and yield of 

carrot. The Orissa Journal Of Horticulture 18(1), 57- 

61 p.  

 

Ljubkin Ju I. 1968. The effect of boron on bearing 

apple orchards. Trudy krasnojarsk, sel-hoz. Inst. 

(19), 396-401 p. 

 

Lu H, Jun XU, Ren ZJ, Ping CY, Yan M. 1997. 

Study on features of nutrient absorption and dry 

matter accumulation in broccoli. Acta Agriculturae 

Shanghai 13(4), 47-50 p. 

 

Magnifico V, Lattanzio V, Sarli G. 1989. Growth 

and nutrient removed by broccoli. Journal of the 

American Society for Horticultural Science 104(2), 

201-203 p. 

 

Magnifico V, Bianco VV, Marzi V, Taranteno 

E, Montemurro P, Sarli G. 1993. Research on a 

sequence of four vegetable crops for processing in one 

year. I. Feasibility and yields in a five years period. 

Annal. Facolta-di-Agraria-Universitia-di-Bari. (34), 

125-131 p. 

 

Nieuwhof M. 1969. Cole crops, Botany, Cultivation 

and Utilization. Leonard Hill Book Co. England. P 

100-120. 

Noor S, Farid ATM. Shil NC, Hossain AKM. 

2002. Integrated nutrient management for 

cauliflower. Bangladesh Journal of Environmental 

Science (8), 25-30 p. 

 

Oliveira AP, Espinola JEF, Araujo JS, Costa 

CC. 2001. Root production in carrots treated with 

earthworm compost and mineral fertilizer. Hort. 

Brasileira. 19(1), 77-80 p.  

 

Palkovies M, Gyori D. 1984. Trials of boron 

fertilization on rusty brown forest soil in potatoes. 

Novenyter meles. 33(3), 265-273 p. 

 

Pandhawa KS, Bhail AS. 1976. Growth, yield and 

quality of cauliflower (Brassica olieracea var. 

botrylis) as influenced by nitrogen, phosphorous and 

boron. Indian Journal of Horticulture 33(1), 83-91 p. 

 

Reddy TY, Reddi GHS. 1998. Principles of 

Agronomy. Kalyani Publications, 2/1, Rajinder Nagar, 

Ludhiana, India. p 221. 

 

Rumpel J, Jakubczyk H, Lata B, Sadowski A, 

Whitehead P. 1998. Effect of long term organic and 

mineral fertilization on soil properties and 

development of tomato, carrot and onion. A Seminar 

on ecological aspects of nutrition and alternatives for 

herbicides in horticulture, Warszawa, Poland. P 63-

64. 

 

Rykbost KA, Christiansen NW, Maxwell J. 

1993. Fertilization of Russet Burbank in Short-season 

environment. American Potato Journal 79(10), 699- 

710 p.  

 

Sagiv BA, Hadas A, Bar- Yosef B. 1994. Influence 

of organic manure, composted refuse and nitrogen 

fertilization, and their combination, on carrots 

(Variety Nantes). Hassadeh 74(6), 631-634 p. 

 

Sahota TS. 1983. Direct and residual effects of 

farmyard manure P and K on potato at Shillong. 

Bangladesh horticulture 11(2), 35-37 p. 



 

87 Hasan et al. 
 

Int. J. Biosci. 2025 

Saikia M, Rajkhowa DJ, Saikia M. 1998. Effect of 

planting density and vermicompost on yield of potato 

raised from seeding tubers. Journal of the Indian 

Potato Association 25(3-4), 141-142 p. 

 

Vieira MC, Casali VWD, Cardoso AA, 

Mosquim PR. 1998. Perunian carrot growth and 

yield as function of phoshpate fertilization and use of 

poultry house litter. Horticultura Brasileira  16(1), 

68-73 p. 

 

Volkova EN. 1996. Measures to reduce the content of 

nitrates in carrots. Kartofel I Ovoshchi. (31), 3-14 p. 

 

Wang- Xiude D, Wang FT, Liao ZX, Yung J, 

Mao P. 1996. Study on formula selection and rational 

application amount of organic, inorganic granular 

fertilizer for some vegetable species. Acta Agriculture 

Shanghai 12(1), 61-65 p. 

  

White JM, Strandberd JO, Brown RL. 1984. 

Influence of fertilizer on alternaria leaf blight and 

yield of carrots grown in muck. Proceedings Soil and 

Crop Science Society of Florida (42), 153-157 p. 

 

Yamada H, Kamata H. 1989. Agricultural 

technical evaluation of organic farming and 

gardening. Effect of organic farming on yields of 

vegetables and soil physical and chemical properties. 

Bull Agriculture Research Institute Kanagawa 

Prefect. (131), 1-13 p.  

 

Yang X, Guan PC. 1995. Influence of N, K nutrients 

on texture, quality and nutrient accumulation in 

heads of green flower broccoli. Guangdong Academy 

of Agricultural Sciences (6), 21-23 p. 

 

Yawalkar KS. 1985. Vegetables Crops in India. Third 

Edition Mrs. K. K. Yawalkar, Agri-Horticultural 

Publishing House. 210-220 p. 

 

 

 

 


