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Abstract

An experiment was conducted at the research field and the laboratory of the Department 
of Horticulture, Bangabandhu Sheikh Mujibur Rahman Agricultural University, 
Gazipur-1706, Bangladesh from October 2018 to March 2019 to investigate the effect of 
organic amendments and arbuscular mycorrhizal fungi (AMF) on growth, yield and quality 
of strawberry var. BARI Strawberry-2. The experiment was laid out in RCBD design with 
three replications taking into eight treatments including control viz., T1: vermicompost 
(324 g/pot), T2: biochar (324 g/pot), T3: AMF (324g/pot), T4: vermicompost (162 g/pot) 
+ biochar (162 g/pot), T5: biochar (162 g/pot) + AMF (162 g/pot), T6: vermicompost 
(162 g/pot) + AMF (162 g/pot), T7: vermicompost (108 g/pot) + biochar (108 g/pot) + 
AMF (108 g/pot) and T8: control (no manure or AMF). Results of the study revealed that 
the highest plant height (18.40 cm), number of leaves/plant (37.00), leaf area (578.60 
cm2), root length (24.50 cm), fresh and dry weight of root (30.00 g and 12.5 g) and shoot 
(131 g and 41.00 g), number of flowers (32.67/plant) and fruits (22.33/plant), single 
fruit weight (21.60 g) and yield/plant (401.99 g) were recorded in T6 treatment which 
was significantly superior to all other treatments. Among the fruit nutrient and mineral 
contents, ascorbic acid (36.20 mg/100 g), total sugar (9.10 g/100 g), Ca (11.87 mg/100 
g), Mg (36.67 mg/100 g) and K (73.33 mg/100 g) were also measured maximum in T6 
treatment. On the other hand, TSS (8.49 %) and water percentage in fruit (66.95 %) 
were found significantly higher in T7 and T4 treatments, respectively while the lowest 
was estimated in the control. A significant influence of T6 treatment [vermicompost (162 
g/pot) + AMF (162 g/pot)] on growth, yield and qualitative characters was observed. 
Therefore, vermicompost and AMF combination has reflected a positive impact on good 
quality strawberry production. However, it needs to be investigated under the open field 
condition before conferring recommendation to the end users.
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Introduction
Strawberry (Fragaria × ananassa) is a widely 
grown hybrid species which belongs to the 
family Rosaceae and genus Fragaria. This 
fleshy aggregate fruit is native to Europe and 

Great Britain and now cultivated throughout 
the countries of the globe having minimum 
winter period. The fruit has become one of 
the most popular berries in the world and 
widely appreciated for its highly desirable 
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taste, characteristic aroma, bright red color, 
juicy texture, sweetness, excellent source 
of vitamins, potassium, fibre and higher 
percentage of phenolics and flavonoids 
(Häkkinen and Törrönen, 2000) and thus 
important for human health (Halvorsen et 
al., 2002). Besides being eaten as raw, the 
fruit is used in making ice-creams, jams, 
jellies, pickles, chocolates, biscuits, cakes 
and milkshakes. The fruit is widely adapted 
to the sub-tropical countries like Bangladesh 
(Barney, 1999) and commercial strawberry 
farming has been gaining momentum in 
the Rajshahi region as the fruit is gradually 
becoming popular both to the growers and 
to the consumers. Strawberry plants need 
large amounts of fertilizer application for  its 
high production despite  the tiny  size of 
the plant (Morgan, 2006). Application of 
chemical fertilizers may increase its yield 
but indiscriminate use of inorganic fertilizers 
changes physical, chemical and biological 
properties of soil and creates problem to 
the environment and health hazard due to 
toxic residual effects like outbreak of pests 
and diseases including weeds; affecting 
the productivity (Sultana et al., 2022). So, 
the modern farmers in recent decades have 
adopted to reduce the chemical fertilizer by 
using alternatives. The use of organic manures 
or biofertilizer in such situation is, therefore 
practically a paying proposal. Organic farming 
is a holistic way of farming with the aim of 
conserving the natural resources (Sahana et al., 
2020). Organic fertilizers like vermicompost, 
poultry manure, farm yard manure, biochar, 
cowdung, Pseudomonas strains, arbuscular 
mycorrhizal fungi, etc. help in improving soil 
condition and overall production. A number 
of studies pointed out that organic farming 

approaches offered the most sustainable way 
of crop production besides contributing to 
environmental protection through minimizing 
degradation. Further, the organically raised 
crops besides being nutritious, eliminates the 
risk of pesticide residues to the consumers, 
thus ensuring food safety. Moreover, demand 
for organically produced product has been 
rising day by day. In view of this, there is 
a need to increase the production of good 
qualities strawberry through organic way. 
Therefore, the present study aimed at finding 
out the effects of vermicompost, biochar and 
arbuscular mycorrhyzal fungi on plant growth, 
yield and quality of strawberry.

Materials and Methods 
Experimental site and design
The pot experiment was conducted at the 
research field and laboratory of the Department 
of Horticulture, Bangabandhu Sheikh Mujibur 
Rahman Agricultural University, Salna, 
Gazipur during the period from October 2018 
to March 2019. The field was in about 24.09 
0N latitude and 90.26 0E longitude with an 
elevation of 8.40 m from sea level. According 
to the objective of the research, two organic 
manures namely vermicompost and biochar, 
and single fungi named arbuscular mycorrhizal 
fungi (AMF) were applied to strawberry 
(BARI Strawberry-2) in seven (7) separate 
combinations viz., T1: vermicompost (324 g/
pot), T2: biochar (324g/pot), T3: AMF (324g/
pot), T4: vermicompost (162 g/pot) + biochar 
(162 g/pot), T5: biochar (162 g/pot) + AMF 
(162 g/pot), T6: vermicompost (162 g/pot) + 
AMF (162 g/pot), T7: vermicompost (108 g/
pot) + biochar (108 g/pot) + AMF (108 g/pot) 
and T8: control in pot culture condition. The 
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experiment was conducted in Randomized 
Complete Block Design (RCBD) with three 
replications where three pots each containing 
single plant represented a replication.

Treatment application and crop 
management
Apparently healthy and uniform seedlings of 
the strawberry variety BARI Strawberry-2 
were collected from the Biotechnology 
Division, BARI, Gazipur. Plastic pots of 30 
cm × 24 cm in size were filled with treatment 
based organic manures (vermicompost 
and biochar) and AMF mixed garden soil 
up to the brim 7 days before planting. The 
strawberry saplings were transplanted on 20th 
October 2018. For controlling from birds and 
maintaining the quality of strawberry, the 
plots were covered with nets upto the fruit 
harvest. Besides, dry straw was used as mulch 
to protect the fruit from being rotten due to soil 
contact. Mature fruits were harvested when 
fruits turned to red in color with waxy layer 
on the surface of fruits. Other intercultural 
operations like weeding, irrigation, etc were 
done as per requirement.

Data collection

Data were collected on plant height (cm), 
number of leaf, leaf area (cm2), root length 
(cm), fresh and dry weight of shoot and root 
(g), days to first flower bud initiation, days 
to first flowering, number of flower/plant, 
number of fruits/plant, days to first fruit 
harvest, single fruit weight (g), fruit length 
(cm), fruit diameter (cm), yield (g/plant), 
ascorbic acid (mg/100g), total sugar (g/100g), 
reducing sugar (g/100g), non-reducing 
sugar (g/100g), calcium content (mg/100g), 

magnesium content (mg/100g) and potassium 
content (mg/100g).

Statistical analysis 
The mean for every treatment and analysis 
of variance for each character was estimated 
using the Statistix-10 software. Duncan’s 
Multiple Range test (DMRT) was performed 
for all the characters to test the differences 
between the means at 5% level of significance.

Results and Discussion
Plant height 
The plant height was recorded at the time of 
first harvesting (Table 1). Significantly the 
tallest plant was recorded from T6 (18.40 cm) 
treatment while the shortest plant was noticed 
in control (12.80 cm) which was statistically 
similar to T2 (13.73 cm) treatment. Maximum 
plant height may be due to better uptake of 
nutrients which has a major role in increasing 
cell division and improving plant growth. 
Vermicompost and AMF improve vegetative 
growth characters in strawberry by increasing 
soil enzyme activity and improving soil 
aeration. These results are in agreement with 
those of Arancon et al. (2004) and Singh et 
al. (2015).

Leaf number
There was a gradual rising trend of leaf 
number at different days after planting 
and number of leaves per plant differed 
significantly. Maximum number of leaves 
was counted from T6 (37.00) treatment. The 
fewest number of leaves was observed in the 
control T8 (18.33) treatment. This result is 
in line with that of Singh et al. (2015) who 
reported increase in plant height and number 
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of leaves in strawberry with the application of 
vermicompost plus biofertilizers.

Leaf area
Leaf area of strawberry under different 
treatments as well as a control varied from 
425.07-578.60 cm2 at first harvesting stage 
(Table 1). Maximum leaf area was measured 
in T6 (578.60 cm2) treatment which was 
statistically superior to all other treatments. 
On the other hand, the minimum leaf area 
was found in the control T8 (425.07 cm2) 
which was statistically different from all other 
treatments. Singh et al. (2008) reported that 
the leaf area of strawberry plant increased 
due to the application of vermicompost 
combination with other fertilizers and improve 
soil characteristics.

Root length
The longest root (23.06 cm) was found in T6 
which was statistically identical to T7 (22.48 
cm) while the plants under control (T8) had 

the smallest roots (9.29 cm). These results 
are in agreement with that of Khalid et al. 
(2013) who reported that organic amendments 
enhanced vegetative growth, root length, fresh 
weight and improved quality of strawberry 
fruits. Paszt et al. (2015) and Fan et al. (2011) 
also observed similar results earlier.

Root weight (fresh and dry)
Significant variation was observed in fresh 
and dry weight of root as influenced by 
different treatments of manures and AMF 
combinations (Table 2). The highest fresh 
and dry weight of root was noted in T6 (30.00 
g and 8.83 g, respectively) treatment having 
statistical uniformity with T7 for fresh weight 
(27.83 g). On the other hand, the lowest root 
fresh and dry weight was calculated in control 
(9.67 g and 3.00 g, respectively) which was 
statistically similar to T3 treatment for fresh 
weight and T1, T2 and T3 treatments for root 
dry weight. Organic amendments affect plant 
metabolic processes such as cell division and 

Table 1.	 Effect of different organic manures and their combination on plant height, leaf 
number, leaf area and root length of strawberry plant

Treatment Plant height 
(cm) Leaf number Leaf area (cm2) Root length 

(cm)
T1: Vermicompost 14.17cd 27.67cd 497.80d 14.00d
T2: Biochar 13.73de 24.67d 453.00f 16.33cd
T3: AMF 14.50cd 27.67cd 440.70g 13.33de
T4: Vermicompost + Biochar 14.70cd 30.67bc 507.47c 20.50abc
T5: Biochar + AMF 14.93c 27.33cd 460.60e 19.17bc
T6: Vermicompost + AMF 18.40a 37.00a 578.60a 24.50a
T7: Vermicompost + Biochar + AMF 16.70b 32.33b 539.13b 22.33ab
T8: Control 12.80e 18.33e 425.07h 8.67e
Level of significance * * * *
CV (%) 4.06 7.99 3.73 11.72

Means bearing same letter(s) in a column do not differ significantly at 5% level of probability; *=significant 
at 5% level of probability



S. C. Apu, M. S. Biswas, M. A. B. Bhuiyan, J. Gomasta, S. Easmin1 and E. Kayesh	 75

enzyme activity and produce ameliorating 
effect on root volume, fresh weight of shoot 
and root, and enhance quality of strawberries. 
The present findings are agreed with the 
findings of Khalid et al. (2013) and Ansari et 
al. (2018). Moradi and Sheikhi (2015) also 
reported that the root dry weight increased 
with the application of vermicompost with 
arbuscular mycorrhizal fungi.

Shoot weight (fresh and dry)
Fresh and dry weight of strawberry shoot 
varied significantly due to application of 
different manures and MAF combinations 
(Table 2). Statistically maximum fresh and 
dry weight of shoot was registered in T6 
(131.00 g and 41.00 g, respectively) treatment 
and statistically similar to T7 treatment for 
dry weight. Whereas, fresh and dry weight of 
shoot was recorded minimum in T2 (30.0 g) 
and T8 (11.07 g) treatments, respectively. T8 
(30.67 g) treatment had statistically uniform 

shoot fresh weight to T2. The fresh weight 
of shoot may be increased due to balanced 
mineral composition and better nutrient 
acquisition. The similar result was obtained 
by Moradi and Sheikhi (2020) who reported 
that the application of organic manure and 
arbuscular mycorrhizal fungi increased the 
shoot fresh and dry weight of strawberry plant 
through increased nutrient uptake.

Days to first flower bud initiation and 
flowering
The number of days taken to the first budding 
in strawberry ranged from 72.00 to 109.33 
DAP (Table 3). Plants under T8 treatment 
required the longest time to bud initiation 
(109.33 days) as well as flowering (116.67 
days) while the earliest bud initiation and 
flowering was recorded in T6 (72.00 and 79.00 
days, respectively) treatment followed by T3 
and T2 treatments. The high level of nutrients 
found in vermicompost with biofertilizer 

Table 2. 	Effect of different organic manures and their combination on fresh weight of root, 
dry weight of root, fresh weight of shoot and dry weight of shoot of strawberry 
plant

Treatment Root fresh 
weight (g)

Root dry 
weight (g)

Shoot fresh 
weight (g)

Shoot dry 
weight (g)

T1: Vermicompost 13.33c 3.67d 51.33 d 18.00c
T2: Biochar 13.00c 4.00d 30.00e 17.67c
T3: AMF 11.83cd 3.83d 46.00d 18.33c
T4: Vermicompost + Biochar 21.67b 6.83c 94.00b 31.23b
T5: Biochar + AMF 21.67b 6.67c 76.00c 26.97b
T6: Vermicompost + AMF 30.00a 12.50a 131.00a 41.00a
T7: Vermicompost + biochar + AMF 27.83a 8.83b 99.33b 37.67a
T8: Control 9.67d 3.00d 30.67e 11.07d
Level of significance * * * *
CV (%) 7.32 12.02 11.39 13.31

Means bearing same letter in a column do not differ significantly at 5% level of probability; *=significant 
at 5% level of probability
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accelerated the early flower bud initiation and 
flowering. Similar findings were noticed by 
Singh et al. (2015) and Rahman et al. (2018).

Number of flowers/plant
Total number of flowers per plant of 
strawberry was significantly varied due 
to the application of different treatments. 
Significantly, maximum number of flowers 
was recorded in T6 (32.67) which was 
statistically superior to all other treatments. 
Minimum flower number recorded in control 
(11.00) treatment. Herencia et al. (2011) 
reported that organic fertilizers contained 
nitrogen and phosphorus which enhanced 
vegetative growth and increased number of 
flowers and fruits. Tagliavini et al. (2005) 
also observed identical results with organic 
manure amendment application.

Days to first fruit harvest

The first fruit was harvested in T6 treatment 
after 111.33 days of transplating which was 
statistically similar to T7 (114 days) while T8 
required maximum days (136.00) to the first 
fruit harvest. Vermicompost with AMF treated 
plant produced early flowering and fruiting, 
which triggered early harvesting of fruits. 
These findings got support of the observation 
of Atefe et al. (2012) in strawberry.

Number of fruits/plant

Strawberry plants responded significantly in 
producing fruits due to application of different 
organic fertilizers (Table 3). Maximum 
number of fruits was counted in T6 22.33/plant 
treatment which was statistically identical 
to T7 21.33/plant and minimum in control 

Table 3. 	Effect of different organic manures and their combination on flower bud initiation, 
flowering, fruiting, number of flower/plant, first harvest and number of fruit/
plant of strawberry

Treatment

Days 
to first 

flower bud 
initiation

Days 
to first 

flowering

Number 
of flowers/ 

plant

Days to 
first fruit 
harvest

Number of 
fruits/plant

T1: Vermicompost 83.33c 91.00c 24.33c 123.00bc 18.33c
T2: Biochar 91.00b 100.67b 25.33bc 124.00b 12.67de
T3: AMF 87.67b 97.33b 28.00b 126.00b 15.33d
T4: Vermicompost+Biochar 82.00c 90.67c 25.33bc 117.67d 19.33bc
T5: Biochar+AMF 83.00c 92.33c 27.67b 120.00cd 13.67de
T6: Vermicompost+AMF 72.00e 79.00e 32.67a 111.33e 22.33a
T7: Vermicompost+Biochar+AMF 76.33d 83.67d 27.00bc 114.00e 21.33ab
T8: Control 109.33a 116.67a 11.00d 136.00a 11.33e
Level of significance * * * * *
CV (%) 2.73 2.27 6.74 2.44 9.52

Means bearing same letter(s) in a column do not differ significantly at 5% level of probability; *=significant 
at 5% level of probability
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11.22/plant treatment which was statistically 
homogeneous to T2 12.67/plant. These 
findings are in agreement with the observation 
of Arancon et al. (2003) who reported that 
application of vermicompost increased fruit 
number of strawberry and pepper.

Single fruit weight
The influence of organic fertilizers and AMF 
on single fruit weight of strawberry was found 
to be significantly different (Table 4). The 
heaviest fruit was observed in T6 (21.60 g) 
treatment which was statistically at par with T7 
treatment and the lowest in control T8 (11.55 
g) treatment which was statistically inferior 
to all other treatments. Arancon et al. (2006) 
found that the application of vermicompost 
increased the fruit weight of strawberry and 
pepper. Vermicompost with biofertilizer has 
enhanced growth promoting substances that 
normally increase the fruit size and shape. 

Rahman et al. (2018) also noted identical 
results in strawberry.

Fruit size (length and diameter)

Strawberry plants also exhibited significant 
variations in fruit length and diameter due to 
the different treatment application (Table 4). 
The largest fruit in terms of length and diameter 
was harvested from T6 treated plants (4.53 cm 
× 3.92 cm) which showed statistical harmony 
with T7 treatment (4.29 cm × 3.69 cm). On the 
other hand, fruit size was the lowest in control 
(L-2.27 cm × D-2.42 cm) being statistically 
inferior to all other treatments. These findings 
are in agreement with Alidadi et al. (2014) who 
reported that the application of vermicompost 
leachates increased the length and diameter 
of tomato fruits. Manatad and Jaquias (2008) 
also examined that vermicompost boosted 
up the diameter of fruit in various crops like 
watermelon, tomatoes, sweet pepper.

Table 4. Effect of different organic manures and their combinations on different yield 
attributes of strawberry

Treatment
 Single 

fruit 
weight (g)

Fruit 
length (cm) 

Fruit 
diameter 

(cm)
Yield per 
plant (g)

Water 
content 

(%) 
T1: Vermicompost 15.42cd 3.54bc 2.76c 280.67d 66.58a
T2: Biochar 14.75cd 3.44c 3.14b 186.25e 55.25b
T3: AMF 14.27d 3.63bc 2.93bc 219.37e 61.52a
T4: Vermicompost + Biochar 18.23b 3.78b 2.95bc 353.20c 66.95a
T5: Biochar + AMF 16.33c 3.77b 2.94bc 222.58e 65.54a
T6: Vermicompost + AMF 21.60a 4.53a 3.92a 479.87a 66.48a
T7: Vermicompost + Biochar + AMF 20.27a 4.29a 3.69a 430.67b 63.25a
T8: Control 11.55e 2.27d 2.42d 131.10f 55.38 b
Level of significance * * * * *
CV (%) 5.53 4.51 5.85 8.06 9.89

Means bearing same letter in a column do not differ significantly at 5% level of probability; *=significant 
at 5% level of probability
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Fruit Yield
Different organic sources of nutrients 
produced markedly and significantly better 
yields than that of the control treatment (Table 
4). Plants treated with T6 treatment gave the 
highest yield (401.99 g/plant) which was 
statistically similar to T7 (387.56 g/plant). The 
lowest yield was found in T8 treatment (144.82 
g/plant) showing statistical disparity to all 
other treatments. Sheikhi et al. (2012) showed 
that the growth and yield of soybean can be 
significantly increased by the application of 
vermicompost as biofertilizers. The present 
result also got support from the findings of 
Moradi and Sheikhi (2015) and Paul et al. 
(2017) in strawberry.

Water content

The amount of water in strawberry fruit is the 
most important parameter because it is the 

indication of fruit mineral nutrition. Fruits of 
T4 treatment had maximum water (66.95 %) 
which was statistically uniform with T1, T5, 
T6 and T7 treatments. Minimum water content 
in fruits was estimated in T2 (55.25 %) which 
was statistically similar to T3 and T8 treatments 
(Table 4). The findings are in agreement with 
the observation of Yuan et al. (2004).

Ascorbic acid

Ascorbic acid of strawberry fruits significantly 
varied due to different organic fertilizer 
treatments (Table 5). The highest quantity of 
ascorbic acid was found in T6 (36.20 mg/ 100g) 
treatment and the lowest was in T2 (13.90 mg/ 
100g) which was statistically similar to T8 and 
T3.  Similar result was obtained by Khalid et 
al. (2013) in strawberry.

Table 5. 	Effect of different organic manures and their combination on qualitative 
parameters of strawberry

Treatment 
Ascorbic 

acid 
(mg/100g)

TSS (%)
Total 
Sugar 

(g/100g)

Reducing 
sugar 

(g/100g)

Non-
reducing 

sugar 
(g/100g)

T1: Vermicompost 24.16b 7.81b 4.93c 3.78d 1.15cd
T2: Biochar 13.90c 7.15de 4.06d 3.07e 0.99d
T3: AMF 17.13c 7.38cd 5.26c 3.93d 1.33c
T4: Vermicompost + Biochar 28.94b 7.45c 6.90b 4.81bc 2.08a
T5: Biochar + AMF 28.45b 7.27cd 6.47b 4.77c 1.70b
T6: Vermicompost + AMF 36.20a 8.39a 8.17a 5.49a 2.68a
T7: Vermicompost + Biochar + AMF 26.29b 8.49a 6.96b 5.31b 1.65b
T8: Control 16.54c 6.89e 3.09e 2.22f 0.88d
Level of significance * * * * *
CV% 11.48 2.09 5.88 6.83 11.11

Means bearing same letter(s) in a column do not differ significantly at 5% level of probability; *=significant 
at 5% level of probability
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Total soluble solids (TSS)

There had a significant variation in TSS 
content of fruits when the plants were treated 
with different levels of organic fertilizers 
(Table 5). Maximum TSS was estimated in 
T7 (8.49%) which was statistically similar to 
T6. The lowest quantity was found in plant 
under control (6.89%) treatment. Increased 
TSS and total sugars in berry are in agreement 
with the findings of Singh and Singh (2006) 
and Singh et al. (2012) who reported that 
inoculation of biofertilizers with organic 
manures resulted in higher TSS and total 
sugars in strawberry fruit.

Sugar (Total, reducing and non-reducing) 

Total sugar, reducing and non-reducing sugar 
varied significantly among the treatments 
(Table 5). The treatment T6 exhibited 
superiority to all other treatments in terms 
of total, reducing and non-reducing sugar 
contents (8.17 %, 5.49 % and 2.68 %, 

respectively). Treatment T4 had statistically 
similar non-reducing sugar to that of the 
best treatment. Reversely, statistically 
minimum total sugar, reducing sugar and 
non-reducing sugar content was recorded in 
control treatment (3.09 %, 2.22 % and 0.88 
%, respectively). T2 also exhibited statistically 
similar non-reducing sugar content (0.99 %) 
to the inferior treatment. Maximum sugar 
content in fruits of vermicompost treated plant 
might be due to its ability to make quality 
promoting micronutrient readily available 
form for plant responsible for sweetness of 
strawberry. Kirad et al. (2009) and Singh and 
Singh (2006) in strawberry was supported 
these present findings. Sahana et al. (2020) 
also stated that the application of organic 
fertilizers improved the sugar content and 
other quality of strawberry.

Mineral concentration 
Significant variation was found in mineral 
contents (K, Ca and Mg) after applying 

Table 6.	 Effect of different organic manures and their combinations on mineral 
concentrations (K, Ca and Mg) of strawberry fruit

Treatment K (mg/100g) Ca (mg/100g) Mg (mg/100g)
T1: Vermicompost 53.33d 9.11c 22.00c
T2: Biochar 43.67e 7.91cd 19.33cd
T3: AMF 58.00cd 9.49bc 28.33b
T4: Vermicompost + Biochar 61.67bc 8.00cd 31.33ab
T5: Biochar + AMF 61.33bc 7.11de 30.00b
T6: Vermicompost + AMF 73.33a 11.87a 36.67a
T7: Vermicompost + Biochar + AMF 66.67ab 11.16ab 31.67ab
T8: Control 32.67f 5.96e 15.33d
Level of significance * * *
CV% 6.83 9.27 11.53

Means bearing same letter(s) in a column do not differ significantly at 5% level of probability; *=significant 
at 5% level of probability
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different treatments to strawberry plants 
(Table 6). Maximum K was estimated in 
T6 (73.33 mg/100g) treatment which was 
statistically similar to T7 (66.67 mg/100g). 
Control fruits had minimum amount of K 
(32.67 mg/100g). Fruits obtained from T6 
treatment contained maximum amount of Ca 
(11.87 mg/100g) and Mg (36.67 mg/100g). 
Statistically similar to the highest Ca content 
was noticed in T7 treatment and statistically 
uniform Mg content was recorded in T4 and T7 
treatments. Control fruits exhibited minimum 
Ca (5.96 mg/100g) and Mg (15.33 mg/100g) 
content. The present findings are in line with 
the findings of Karlidag et al. (2011) who 
reported that the quality of strawberry fruits 
depends on environment, genetic factors and 
plant nutrition status. Ansari et al. (2018) also 
noticed similar observations.

Conclusion

In conclusion the result of the present study 
revealed that the treatment T6 (Vermicompost 
@162g/pot + AMF @ 162g/pot) was found 
better for achieving not only growth and 
yield levels of the fruit but also its quality 
parameters. Among the organic sources, 
vermicompost is a good source of nutrients but 
its combination with arbuscular mycorrhizal 
fungi provides the superior growth, yield and 
rich quality fruits of strawberry.

Acknowledgements
The authors wish to acknowledge the financial 
support from University Grants Commission 
(UGC), Dhaka, Bangladesh to undertake the 
study. The authors also confer gratitude to the 
Department of Horticulture, Bangabandhu 
Sheikh Mujibur Rahman Agricultural 

University, Gazipur-1706, Bangladesh for 
giving support and research facilities in 
successful accomplishment of the research.

References
Alidadi, H., A. R. Saffari, D. Ketabi, R. Peiravi and 

A. Hosseinzadeh. 2014. Comparison of 
vermicompost and cow manure efficiency 
on the growth and yield of tomato 
plant. Heal. Scop. 3(4): 146-161.

Ansari, M. H., D. Hashemabadi, M. Mahdavi and B. 
Kaviani. 2018. The role of Pseudomonas 
strains and arbuscular mycorrhizal fungi 
as organic phosphate-solubilizing in 
the yield and quality improvement of 
strawberry (Fragaria× ananassa duch. 
cv. Selva) fruit.  Acta Sci. Pol. Hortor. 
Cul. 17(4): 93-107.

Arancon, N. Q., C. A. Edwards and P. Bierman 
2006. Influences of vermicomposts on 
field strawberries: Part 2. Effects on soil 
microbiological and chemical properties. 
Biores.Technol. 97(6): 831-840.

Arancon, N. Q., C. A. Edwards, P. Bierman, C. 
Welch and J. D. Metzer. 2004. Influence 
of vermicomposts on field strawberries: 
1. Effect on growth and yields. Biores. 
Technol. 93: 145-153.

Arancon, N. Q., C. A. Edwards, P. Bierman, L. 
D. Metzge, S. Lee and C. Welch. 2003. 
Effects of vermicomposts on growth and 
marketable fruits of field grown tomatoes, 
peppers and strawberries. Pedobiologia. 
47: 731- 735.

Atefe, A., A. Tehranifar, M. Shoor and G. 
H. Davarynejad. 2012. Study of the 
effect of vermicompost as one of the 
substrate constituents on yield indexes of 
strawberry. J. Hort. Sci. Ornam. Plants. 
4(3): 241-246.

Barney, D. L. 1999. Growing strawberries in the 
Inland Northwest and Intermountain 
West. University of Idaho’s Sandpoint 
Research and Extension Center, Moscow, 
Pp.1-25.



S. C. Apu, M. S. Biswas, M. A. B. Bhuiyan, J. Gomasta, S. Easmin1 and E. Kayesh	 81

Fan, L., Y. Dalpe, C. Fang, C. Dube and S. 
Khanizadeh. 2011. Influence of 
arbuscular mycorrhizae on biomass and 
root morphology of selected strawberry 
cultivars under salt stress. Botany. 89(6): 
397-403.

Hakkinen, S. H. and A. R. Torronen. 2000. Content 
of flavonols and selected phenolic acids 
in strawberries and Vaccinium species: 
influence of cultivar, cultivation site and 
technique. Food Res. Int. 33(6): 517-524.

Halvorsen, B. L., K. Holte, M. C. W. Myhestad, 
J. Bayikmo, E. Hvatium, S. F. Remberg, 
A. B. Wold, K. Haffner, H. Buugered, 
L. F. Andersen, J. G. Moskauy, R. 
David, J. R. Jacobs and R. Biomhoff. 
2002. Asystematic screening of total 
antioxidents in dietary plants. J. Nutrition. 
132(3): 461- 471.

Herencia, J. F., P. A. Garcia-Galavis, J. A. R. Dorado 
and C. Maqueda. 2011. Comparison of 
nutritional quality of the crops grown in 
an organic and conventional fertilized. 
Soil. J. Sci. Hort. 129(4): 882-888.

Karlidag, H., E. Yildirim, M. Turan, F. Donmez. 
2011. Effect of plant growth promoting 
bacteria on mineral organic fertilizer 
use efficiency, plant growth and mineral 
contents of strawberry (Faragria × 
ananassa L Duch). Ind. J. Biotechnol. 9: 
289-297.

Khalid, S., K. M. Qureshi, I. A. Hafiz, K. S. Khan 
and U. S. Qureshi. 2013. Effect of organic 
amendments on vegetative growth, fruit 
and yield quality of strawberry. Pakistan 
J. Agric. Res. 26(2).

Kirad, K. S., S. Barche and D. B. Singh. 2009. 
Response of integrated nutrient 
management in strawberry (Fragaria × 
ananassa D.). Acta Hort. 842: 653-656.

Manatad and Jaquias. 2008. High-value vegetable 
production using vermicompost 
Philippine Council for Agriculture, 
Forest. Nat. RES, Res. Dev. 15: 25-26.

Moradi, S. and J. Sheikhi. 2020. The Effect of 
Mycorrhizal Fungi and Vermicompost 
on Growth and Mineral Nutrients 
Composition of Strawberry 
Cultivars. Isfahan Univ. Technol. J. Crop 
Product. Process.. 10(3): 127-137.

Moradi, S. and J. Sheikhi. 2015. Influence 
of Vermicompost and Arbuscular 
Mycorrhizal Fungi	 on Growth 
of Two Strawberry Cultivars and Some 
Chemical Properties of Post-harvest Soil. 
Intl J Farm  Alli. Sci. 4(8): 625-628.

Morgan, L. 2006. Hydroponic Strawberry 
production, a technical guide to the 
hydroponic production of Strawberries. 
Suntec (NZ) Ltd, Tokomaru New 
Zealand, Pp.118.

Paszt, L. S., E. Malusa, B. Sumorok, L. Canfora, 
E. Derkowska and S. Głuszek. 2015. The 
influence of bioproducts on mycorrhizal 
occurrence and diversity in the rhizosphere 
of strawberry plants under controlled 
conditions. Adv.  Microbiol. 5(1): 40-53.

Paul, C., J. Gomasta and M. M. Hossain. 2017. 
Effects of planting dates and variety on 
growth and yield of strawberry.  Int. J. 
Hortic. Agric. Food Sci. 1(4): 1-12.

Rahman, M. M., M. N. Islam, M. Z. K. Roni, 
O. Gani and A. F. M. J. Uddin. 2018. 
Vermicompost and mustard oil cake as 
an alternative fertilizer for strawberry 
production. Int. J. Bus. Soc. Sci. Res. 6(3): 
78-84.

Sahana, B. J., D. Madaiah, S. Sridhara, S. 
Pradeep and K. M. Nithin. 2020. 
Study on Effect of Organic Manures 
on Quality and Biochemical Traits 
of Strawberry (Fragaria × ananassa 
Duch.) under Naturally Ventilated 
Polyhouse.  Int. J. Curr. Microbiol. 
App. Sci. 9(10): 2692-2698.

Sheikhi, J., K. Miri, A. Ronaghi, M. Zarei and S. 
Moradi. 2012. Effect of bradyrhizobium 
japonicum and vermicompost on yield, 



82	 Effect of organic amendments and arbuscular mycorrhizal fungi on plant growth, yield and quality of strawberry

yield components and nitrogen uptake of 
three soybean cultivars. Int. J. Agril. Res. 
Rev. 2 (4): 513-518.

Singh, A. and J. N. Singh. 2006. Studies on 
influence of biofertilizers and bio-
regulators on flowering, yield and fruit 
quality of strawberry CV Sweet Charley. 
Ann. Agric. Res. 27(3): 261-264.

Singh, A. K., K. Beer and A. K. Pal. 2015. Effect 
of vermicompost and bio-fertilizers 
on strawberry growth, flowering and 
yield. Ann. Plant Soil res. 17(2): 196-99.

Singh, R., R. R. Sharma, S. Kumar, R. K. Gupta 
and R. T. Patil. 2008. Vermicompost 
substitution 	 influences growth, 
physiological disorders, fruit yield 
and quality of strawberry (Fragaria 
x ananassa Duch.).  Bioresource 
technology. 99(17): 8507-8511.

Singh, S. R., M. Y. Zargar, G. R.  Najar, M. I. 
Ishaq and S. A. Hakeem. 2012. Effect 

of integrated nutrient supply on yield, 
fertility and quality of strawberry under 
rainfed temperate conditions.  J. Indian 
Soc. Soil Sci. 60(1): 79-82.

Sultana, N., M. A. Mannan, S. A. K. U. Khan, 
J. Gomasta and T. Roy. 2022. Effect of 
different manures on growth, yield and 
profitability of small scale brinjal (egg-
plant) cultivation in gunny bag. Asian J. 
Agric. Hortic. Res. 9(1): 52-60.

Tagliavini, M. E., E. Baldi, P. Lucchi, M. Antonelli, 
G. Sorrenti, G. Baruzzi and W. Faedi. 
2005. Dynamics of nutrient uptake by 
strawberry plants (Fragaria x Ananassa 
Duch.) grown in soil and soilless culture. 
Eur. J. Agro. 23: 15-25.

Yuan, B. Z., J. Sun and S. Nishiyama. 2004. Effect 
of drip irrigation on strawberry growth and 
yield inside a plastic greenhouse. Biosyst. 
Eng. 87(2): 237-245.


