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Vermicompost Enhances the Yield and Quality of Red Amaranth
Subjected to Acidic Soil
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Article Information ABSTRACT
The study was conducted to evaluate the vermicompost enhances the yield and quality of

red amaranth subjected to acidic soil. Five treatments namely, control (T'1), cowdung (T2),
compost (T3), vermicompost (T4) and lime+100% recommended inorganic fertilizer dose
(T5) were considered in acidic soil for the fulfilment of experimental objectives. The ex-
periment was laid out in a randomized complete block design with three replications in the
southern part of Bangladesh. All the treatments gave significantly higher yield (p<<0.05)
while it was compared to the control. Highest yield of red amaranth was observed from the
treatment of vermicompost (7.79 tha-1) followed by lime (5.79 tha-1), compost (5.52 tha-1)
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Keywords and cowdung (4.73 tha-1). The result showed that the effects of vermicompost were more
At Saill Beadl Az efficient in terms of vigorous production, nutrient contents as well as in the maintenance of
¢4 gl
g soil pH for the potential cultivation of red amaranth compated to the other management.
Nutrient Content, P P p &

Besides these, the nutrients content of red amaranth was also observed and found that the
Ca, Mg, K, P, S and Fe were substantially higher in vermicompost except the Zn and B. Mg,
K and P content were highly (12=>0.9) correlated with the yield. Only vermicompost and
lime enhanced 7% and 0.3% of pH over the control. Therefore, in acidic soil the vermicom-
post would be the best alternative for Red amaranth production.

Vermicompost, Yield

INTRODUCTION

Red amaranth (Awmaranthus tricolor L.) cultivation is a big
challenge in the Northeastern part of Bangladesh where
acidic soil (pH<0) is a common problem that deteriorates
the crop’s yield as well as quality. A report on the status
of acidic soil subjected to organic matter management
revealed that acidic soil remained buffer by the application
2018). However, in
Bangladesh soils, the organic matter content is very low
(<1.5) and is being gradually depleted (Ullah et al.,2008)
day by day. Only the use of balanced chemical fertilizer,
high yield level could not be maintained over the years

of organic matter (Jiang et al,

because of deterioration in soil physical and biological
2008). Although in small
quantities the organic manures contain plant nutrients

environments (Khan et al,

as compared to the fertilizers, the presence of growth
promoting principles like enzymes and hormones, besides
plant nutrients make them essential for improvement of
soil fertility and productivity (Bhuma, 2001). Available
reports also indicate that combined effects of NPKS
(25%) and vermicompost (75%) have given higher yield
of tomato, cabbage, okra compared to recommended
dose of full amount NPKS and control (Islam et al.,
2017; Farzana et. al., 2019; Akhter et. al., 2019). Response
of red amaranth to cowdung application is also evident
(Sanni, 2016). The organic manure is easily available
to the farmers and its cost is low compared to that of
inorganic fertilizers.

Red amaranth (Amaranthus tricolor L .) is now widely
grown as vegetables both in tropics and sub-tropics of
the world. It can be grown throughout the year and can be
harvested in a very short time. In Bangladesh, Amaranthus

tricolor L. is a commonly cultivated vegetables in winter
season. It also contains vatious volatile compounds,
polyphenols, antioxidant, antimalarial, and antiviral
compounds, which prevent cancer, cardiovascular
diseases, diabetes, etc. (Jiang et al., 2011; Khandaker et al.,
2008; Shukla et al., 2010). It was reported that amaranth
contains protein, ascorbic acid, and mineral nutrients
of Ca, Fe, Mg, P, K, and Na, which are considered as
the nutritional value in vegetables (USDA, 1984). The
cultivation of red amaranth is increasing day by day in
Bangladesh (BBS, 2010) although its production is lower
than other amaranth producing countries (Talukder,
1999). The chemical fertilizers are used as a supplemental
source of nutrients, however farmers do not apply it in
a balanced proportion (BARC, 2012). Targeting high
yield is the most logical way to raise production from
the limited land resources which is why a vast area of
acidic soils in the southern belt of Bangladesh should
be considered under production. The above-discussed
factors in accordance of consideration, this study was
undertaken to assess the effects of organic and inorganic
fertilizers on yield response of red amaranth to the acid
soil and to compare the effects of organic and inorganic
fertilizer.

MATERIALS AND METHODS

Description of the study area

The experiment was conducted at the research field
of the Department of Agticultural Chemistry, Sylhet
Agricultural University, Bangladesh during December 20,
2018 to February 5,2019. The soil was the Agro-ecological
Zone of Northern and Eastern Piedmont Plains (AEZ-
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Table 1: Analysis on the chemical properties of initial soil sample

pH| OM% | OC% | Total N%

P (ug g-1)| K (meq 100g-1)

Ca (meq 100g-1) | Mg (meq 100g-1)| S (ug g-1) B (pg g-1)

52121 1.2 ]0.14 11 0.14

5.1 1.8 13.5 0.3

OM: Organic Matter; OC: Organic Carbon; meq: Milli equivalent

22) under the “Pritim Pasha” soil series. The experimental
soil was collected from a depth of 0-15 cm prior to the
application of fertilizers to determine the physical and
chemical properties of soil. The physical and chemical
characteristics of the collected soil were determined by
Hunter method (1984) (Table 1).

Experimental design and treatments

The experiment was laid out in a randomized complete
block design (RCBD) with three replications. The total
number of experimental plots were fifteen (15) having
the size of 0.48m2 (80 cm X 60 cm) of each plot. The
treatments were control (T1), cowdung (T2), compost
(T3), vermicompost (T4), and lime+100% recommended
inorganic fertilizer dose (T5). The whole amount of TSP,
MoP, Gypsum, Cowdung, Compost, Vermicompost and
half of urea were applied during final land preparation
three days before seed sowing, The remaining amount of
urea was applied in the third weeks after seed sowing. In
the lime treated plots, lime was applied 15 days before
applying organic amendments. Seeds of locally cultivated
‘Altapeti’ red amaranth variety (local name-Lalsak) were
sown in broadcasting method and the seed rate is 1 kg
ha-1 (BARI, 2005). The application rate of chemical
fertilizers, organic fertilizers and lime is given in the Table
2 and Table 3.

Intercultural operations

Single weeding and sprinkler irrigation was done at 18
and 20 days after sowing seeds. After one week of seed
germination, the extra plants were thinned out from each
plot. No control measures were taken because of being
no severe disease or pest infestation were observed in the

field.

Data collection and Statistical analysis

At harvest, the whole plot was harvested, ten plants were
randomly selected from each plot to record the data and
the plants were oven dried at 80 OC for 72 hours. Data

on plant height, number of leaves plant-1, shoot and
root length, shoot and root fresh and dry weight, total
plant population and yield were recorded during harvest.
In an acid mixture (1:3 ratio of perchloric: nitric acid)
the soil and plant samples were digested to determine
iron (Fe), zinc (Zn), potassium (K) and phosphorus
(P). By using a spectrophotometer, the phosphorus (P)
was determined by phosphomolybdate blue method.
By using an atomic absorption spectrometer (AAS) the
composition of cations in samples were determined. Soil
pH was measured by making a 1:10 ratio of soil: solution
and waiting for exactly 10 minutes. The statistical analyses
of the recorded data were done by using Rstudio software
and Sigma plot 14.0 version and the means were separated
by using Least Significant Difference (LSD) Test.

RESULTS

Total Plant Population

Total plant population means the total number of plants
per plot. The effect of different organic and inorganic
fertilizers on the total plant population of Red amaranth
was significantly (p<0.05) higher. The highest total plant
population (337) were obtained from the vermicompost
followed by cowdung, compost and lime and the lowest
total plant population (223.67) was found in control
treatments, respectively (figure 1). Our result indicates
that vermicompost is probably more effective for
reducing the effect of acid soil that may maintain the
proper plant population.

Number of leaves per plant

The effect of different organic and inorganic fertilizers
on the number of leaves per plant of red amaranth
was significant. The maximum number of leaves per
plant (10.03) was recorded from vermicompost and the
minimum (6.47) number of leaves per plant was recorded
from the control treatments (figure 1). The rest of the
treatments also followed similarly of the total plant

Table 2: Application rate of organic and inorganic fertilizers in each plot of experimental field

Name of the Fertilizers Application rate

Application rate in each plot

Cowdung 5 tha-1 240 ¢
Compost 5 tha-1 240 g
Vermicompost 4 tha-1 192 ¢
Lime 0.98 tha-1 or 4 kg decimal -1 4741 ¢

Recommended dose of inorganic
fertilizer

150-23-17-4 kg ha-1 of N-P-K-
Gypsum, respectively

7.2-1.1-0.8-0.192 g of N-P-K-
Gypsum, respectively

Table 3: Chemical component of organic and inorganic fertilizers

Organic and inorganicfertilizers | Ca Mg N |P K |Fe |Zn S B

Cowdung 0.87 10.52 [1.1 10.24 |0.56 |0.36 |0.01 0.11 10.012
Compost 2.29 |1.38 ]0.89 |0.11 [0.88 |0.36 |0.048 |0.46 |0.018
Vermicompost 1.16 1097 ]1.93 10.83 |09 |0.36 |0.019 ]0.27 ]0.016
Lime 39.84 10.001]0.58 [0.08 [0.01 |0.31 |0.001 ]0.04 ]0.013
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population number.

Plant height

Different organic fertilizers significantly influenced the
plant height of red amaranth. All the treatments showed
significantly higher (p<0.05) plant height than the
control. The highest (43.06 cm) and lowest (26.95 cm)
plant heights were recorded from vermicompost and the
control treatments, respectively. The compost, cowdung,
lime+100 inorganic fertilizers gave 33.82 c¢cm, 31.60 and
36.57 cm, respectively (figure 1)

Shoot and root length

The shoot length is an important yield contributing
parameter of red amaranth. After the harvest of the
crop, the shoot length and root length were measured.

significantly (p<<0.01) and varied widely over the control.
The highest shoot and root length (32.82cm and 10 cm)
were obtained from vermicompost and the lowest shoot
and root length (20.77 cm and 6.19cm) were found in
control treatments, respectively.

Fresh weight

Fresh weight for all the treatments over control
significantly increased (p<0.05). However, the highest
and the lowest shoot fresh weight (102.35g and 72.73g)
that were obtained from vermicompost and control.
After vermicompost; lime + 100% recommended
fertilizer gave the higher level of fresh weight (92.25¢)
followed by compost (80.27g) and cowdung (80.27g).
Fresh weight in crop plants indicate the proper growth
and development by maintaining cell turgidity.
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Figure 1: Morphological characters of red amaranth for different organic and inorganic nutrient sources. Different
letters indicate significant treatment differences (p<<0.05), whiskers indicate individual & standard error of the mean.

The sample number, n=3.

Root shoot dry weight

By various treatments, the highest root dry weight
was obtained from the compost (1.10g) followed by
vermicompost (0.9g), lime (0.71g) and cowdung (0.63).
Only compost and vermicompost gave a significantly
higher yield (p<0.05) than the control. On the other
hand, shoot dry weight under vermicompost showed a
maximum level of dry weight compared to the control.
Lime and compost gave a similar level of shoot dry
weight. Our results indicate vermicompost maintains a

higher level of shoot and root dry weight compared to
other treatments (figure 2).

Yield

Variation among the treatments corresponding to red
amaranth’s yield was highly significant (p<0.001). The
highest yield (7.79 t/ha) was found in vermicompost
followed by lime (5.79 tha-1), compost (5.52 tha-1) and
cowdung (4.73tha-1) and the lowest yield (3.64t ha-1) was
recorded in control (figure 2).
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Figure 2: Yield of red amaranth for different organic and inorganic nutrient sources. Different letters indicate
significant treatment differences (p<<0.05), whiskers indicate individual standard deviation of the mean. NS = Not
significant, **indicates significant at 1% level of probability. Figures in a column having the same or no letter(s) do

not differ significantly.

Nutrient Composition

Ca

Calcium content of red amaranth resulting from the
effect of different organic and inorganic fertilizers was
statistically significant (p<<0.05). The highest (2.11%) Ca
was obtained from the plants treated with vermicompost
and the minimum (1.48%) Ca was recorded from the
plants under control treatment.

Mg

The maximum and minimum Mg contents were obtained
from the plant treated with vermicompost (1.04%) and
control (0.56%) treatments, respectively.

K

The highest amount of potassium content (3.56%) was
recorded from the treatment of vermicompost and
the lowest amount of potassium (2.02%) was recorded
from the control treatment (Table 4). Vermicompost
application showed a higher amount of potassium
compared with other organic fertilizers.

P

Phosphorus content of red amaranth varied from 0.43
to 0.84% due to the application of different organic
and inorganic fertilizers. The maximum and minimum P
content in red amaranth were obtained from the plants
treated with vermicompost (0.84%) and the plants under
control treatment (0.43%), respectively.

S

Significant variation was observed in S content due to
different organic and inorganic fertilizer applications.
The highest amount of sulphur content (0.38%) was
obtained from vermicompost and the lowest amount of
sulphur content (0.15%) was recorded from the control

treatment (Table 4).

B

Micronutrient content was also significantly affected by
both organic and inorganic amendments. Intrinsically
B availability is low in acidic soil and high rainfall
deteriorates the situation with the leaching of B that
become adsorbed to Fe and Al oxides. The amount of B
content varied from 20 to 52ug g-1. The maximum and
minimum B contents were obtained from compost (52ug
g-1) treated plants and the plants under control treatment
(20p.g g-1), respectively.

Zn and Fe

Significant variations were observed in the Zn and
Fe content of red amaranth due to the application
of different organic and inorganic amendments. The
highest Zn and Fe content of red amaranth (93.70pg
g-1 and 990.17pg g-1) were obtained from the treatment
of cowdung and vermicompost and the lowest Zn and
Fe content (50.00pg g-1 and 766.33ug g-1) were found
in control treatments, respectively (Table 4). Solubility
of nutrients in the soil can also be increased due to the
substantial increase of Zn and Fe content with liming.
The negative charge of OM in the soil becomes higher
and gets hydrated, because of increased pH after liming.

Correlation between yield/yield component and
nutrient composition

A simple correlation was followed between the nutrient
elements and yield to understand the effect of nutrients
element on the yield. Our result showed that Mg, K
and P are highly correlated with yield compared to Ca,
Fe and S (Figure 3). This result indicated that organic
fertilizers and lime are highly correlated with the yield and
vermicompost is the most responsible treatment.
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Table 4: Nutrient contents of Red amaranth under different sources of organic and inorganic nutrients.

Treatments | Ca(%) Mg (%) K(%) P(%) S(%) Zn(ppm) |Fe(ppm) |B(ppm)
T1 1.48d 0.56¢ 2.02¢ 0.43d 0.15d 50.00d 766.33d 20.00d
T2 1.83b 0.69d 2.38d 0.61 ¢ 0.20c 93.70a 886.33b 29.00¢
T3 1.62¢ 0.81c 2.73¢ 0.71b 0.27b 72.00¢ 832.67¢ 52.00a
T4 2.11a 1.04a 3.56a 0.84a 0.38a 83.45b 990.17a 37.00b
T5 1.63¢ 0.73b 3.01b 0.64bc 0.21¢ 75.45¢ 852.67¢ 26.33 ¢
CV (%) 3.44 4.72 3.92 6.07 8.64 3.55 1.38 8.59
LSD 0.11 0.07 0.20 0.07 0.04 5.01 22.43 5.32
Level Of Kok %k )k kok k) kok k)% kok
significance

NS = Not significant, **indicates significant at 1% level of probability. Fignres in a column having same or no letter(s) do not differ significantly. Treatment
T1=Control, T2=Cowdung, T3=Compost, T4=V ermicompost, T5= Linre+100% recommended fertilizes. Values are & standard error, n=3.
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Figure 3: A correlation between yield and nutrient elements subjected to five different treatments. Red, black, green,
blue and yellow colors indicate control, compost, cowdung, vermicompost and lime +100% recommended fertilizes.

DISCUSSION

Organic matters may overcome the problem of acid
soil for Red amaranth production

Soil organic matters are applied to the acid soil for
replenishing the soil pH which is crucial for the smooth
growth and development of vegetable crops. It is
reported that acid soils with plant residue compost, urban
waste compost and manure have all been used to increase
soil pH (Alter and Mitchell 1992; Hue, 1992; Watt et al.,
1991). The mechanism behind the increasing soil pH is
the specific absorption of organic anions that correspond
to the release of hydroxylions (Hue, 1992). Other findings
showed that low pH reduced crop yield greatly which can
be solved by the application of compost (Halim et al.,
2018). Our findings also showed that acid soil treated
after organic matter, especially vermicompost enhanced
plant population, leaf no., plant height, fresh weight,

dry weight and yield significantly. Thus, the application
of vermicompost significantly increased plant height
for the improvement of soil physical properties (Jahan
et al.,, 2014). This result might be due to plant growth
regulators and other plant growth influencing materials
produced by microorganisms present in vermicompost
(Grappelli et al., 1987). Significant variations in root fresh
and dry weight of red amaranth were observed from
the effect of different organic fertilizers. A similar result
was found that the average yield of Amaranthus species
was enhanced by vermicompost application (Uma and
Malathi, 2009). Moreover, the soil’s physical properties;
particularly soil porosity, structure, water holding capacity
and supplied other plant growth promoting substances
improved due to vermicompost. The highest and lowest
root fresh and dry weights were obtained from compost
(9.83gand 1.11g) and control treatment (5.57g and 0.51g),
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respectively (figure 1 and figure 2) and these indicate the
effects of vermicompost are more efficient than chemical
and other organic fertilizers for the production of red
amaranth. Bongkyoon (2004) reported that the effect of
vermicompost application was more favorable than the
effects of the application of chemical fertilizers. Our
result also shows that vermicompost enhances 7% pH
over control (Appendix A) in acid soil which may play a
great role in smoothing red amaranth production in acid
soil.

Vermicompost enhances Ca, Mg, K and S which
denotes the good quality of red amaranth

Calcium is a very important mineral in human metabolism,
making up about 1-2% of an adult human’s body weight.
It was evident that vermicompost applications showed
higher calcium content than other organic or inorganic
fertilizer applications. In a similar study, it was observed
that calcium content was higher in vermicompost
compared to other compost applied in crop production
(Singh, 2009). Besides Ca, Magnesium deficiency can
lead to a significant amount of chlorosis, and drooping
leaves (Soetan et al., 2010) in many types of vegetables.
Many critical physiological and biochemical processes in
plants are adversely affected by Mg deficiency, leading to
impairments in growth and yield (Cakmak and Yazici,
2010). Mg content of red amaranth ranged from 0.56 to
1.04%, which was statistically significant than the control
especially compared to the vermicompost. Not only
Ca and Mg, Potassium also increased in red amaranth
leaves under the treatments of organic matter, especially
vermicompost in our experiment. In acidic conditions
cation exchange capacity (CEC) decreases, thereby
inducing K deficiency in soil (Slattery et al., 1999).
Because of liming, acidic ions become neutralized and
alleviate K+ absorption inhibition (Silva et al., 2008).
Potassium is an important plant nutrient and is good
for human health as diets having high potassium are
associated with improved blood pressure control and
improved kidney function. (Mateljan, 2015). In addition
Phosphorus content is enhanced by vermicompost on
Amaranthus production (Uma and Malathi, 2009).

In the case of vermicompost, P content was found
double that in control plots. However, cowdung, compost
and lime +100% recommended fertilizers applications
also showed a significant increase in P content than in
the control treatment. It indicates the ready availability
of P in the soil after organic and inorganic fertilizers
application in acidic soil. We also showed that a higher
amount of sulphur was found under the treatment

of vermicompost compared to the control, cowdung,
compost and lime-treated soil. Our result was supported
by (Kmetova and Kovacik, 2014) who found that the
impact of vermicompost on the yield of maize (Zea mays
L.) to the phenological growth stages, was significantly
higher compared to other chemical fertilizers.

Higheryield, nutrient elements are strongly corelated
To know the specific relationship among vyield, leaf
number, plant height and nutrient elements in red
amaranth, we calculated the correlation between yield and
nutrients elements and found that higher yield strongly
correlated to the nutrient elements. Mg, K and P were
highly correlated with the yield. Anac et al. (2007) found
that K enhances the yield quality, test and vitamins content
in spinach where balance fertilizers play an important
role. A report suggested that effect of phosphorus rates
on growth, yield, and postharvest quality of tomato
significantly increased subjected to the calcareous soil
(Zhu, 2017). Beside K and P, Magnesium deficiency in
acid soil is another crucial element for sustainable crop
production which may deteriorate the yield and quality of
crops (Wang et al., 2020).

Our overall discussion explicit that vermicompost could
be the best alternative than the other organic matter like
cowdung and compost in order to the yield, quality and
soil improvement. The post soil (Appendix A) analysis
also reveals that vermicompost added more nutrient
elements to the soil which is very much essential for
subsequent crop production.

CONCLUSION

We were able to figure out the best effect of specific
organic fertilizer. In this case, vermicompost was the best
performer compared to cowdung, compost and lime +
100% recommended inorganic fertilizers who gave the
highest plant height, number of leaves, shoot and root
length, shoot fresh and dry weight, total plant population
and yield. Vermicompost improved comparatively the
yield and quality of Red amaranth in acid soil compared
to the compost, cowdung and lime+100% recommended
fertilizer. Vermicompost also increased 7% pH which is
obviously important for the growth and development for
red amaranth in acidic soil.

Therefore, it is suggested that farmers may use
vermicompost (low production cost) in their crop fields
which is easily available, nutrient rich, economically and
environmentally suitable. We suggest that vermicompost
would be the best alternative for Red amaranth production
in acidic soil.

Appendix A Post harvest analysis of soil after harvesting the red amaranth crop

Treatment pH OM (%) | OM (%) |N (%) | Ca (g/kg)| Mg (¢/kg)| K (g/kg) | P (ppm) |S (ppm) |Fe (ppm)
Control 552  [3.04 3.04 0.161 |2.08 0.4374 10.195 21 40.1 107
Cowdung 528 1299 2.99 0.158 |2.04 0.4374 10.312 22 37.3 120
Compost 5.5 2.72 2.72 0.144 |2.04 0.4131 ]0.2964 |28 50.7 119
Vermicompost |5.94 |2.71 2.71 0.143 |2.12 0.4617 10.429 26 53.9 106
Lime 5.54  2.64 2.64 0.139 |2.08 0.4374  10.39 28 333 112
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