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ARTICLE DETAILS ABSTRACT
Article History: Planting a crop with high productivity and quality while ensuring the continuity of good soil quality and
Received 25 April 2021 environmental sustainability is important. With the changes of climate and extensive anthropogenic

activities, soil had become undesirable for crops planting. However, various measures can be done to improve
this such as applying suitable types of fertilizer and soil amendments besides monitoring the quality of soil
continuously. Fertilizer application in a way is helpful in providing essential nutrients needed by the plant
while soil organic amendment able to improve its quality through biotic and physical changes. In this study,
different combination of treatments was applied in two different types of soil to observe its effect on
morphological growth of water spinach (Ipomoea aquatica), soil pH, and total organic carbon (TOC) in soil.
Field experiment was conducted at Glasshouse Nursery Complex (GNC), International University Malaysia
for five weeks. Combination of treatments consist of control (T1), biochar (T2), chicken manure (T3),
combination of biochar and chicken manure (T4), and combination of biochar, chicken manure, and NPK
fertilizer (T5). Two types of soil that were used in this study which are normal topsoil and oxisols type of
soils. Results showed that the T5 were observed to have the highest average of plant grown in both normal
top soil and oxisols soil. The pH of both soils treated with biochar and organic manure increased compared
to control which reflect a positive effect towards nutrient availability for plant. Total organic carbon content
also showed an increased trend with soil amendment and fertilizer applications. Hence, in overall growth of
Ipomoea aquatica improved with application of fertilizer and organic amendments.
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Different topography and parent materials or rocks affects the types of soil
as these are the factor in developing soils (Sung et al, 2017). Soils
properties, along with climate affects the types of plant or crops that will
grow in certain region. This is because of the soils’ properties that evolve

1. INTRODUCTION

Nowadays, the increment of population worldwide has led to the
enhancement of agricultural productivity in limited land resources. This is

to ensure the food supply and energy for global population (Ostadi, 2020).
Not only that, plant also serve as a major livestock’s sustenance by
providing many different nutrients (Hazra, 2016). In order to keep up with
the demand, crop production need to be increased. For crop to have a high
productivity or yield, quality and types of soils including its physical and
chemical characteristics need to be considered. The soil must provide an
optimum environment for plants to strive and produce the expected yield.
Different types of soil have different properties that allow nutrient or
water to be taken up by crop plant (Sung et al, 2017). Soils has high
variability according spatial and temporal changes. Malaysia itself has
diverse types of soils, where over 500 soil series had been recognized.

from several factors govern the plant’s ability to takes up nutrients and
water (Sung et al.,2017).

In comparison to oxisols, plant could be deficient in nutrients due to its
characteristics that have low nutrients needed for plant (Buol and
Eswaran, 1999). Oxisols are soils that constitutes of oxic horizon. It has the
upper boundary within 150 cm of the mineral surface (Buol and Eswaran,
1999). This type of soils has low amount of essential nutrients needed for
plant growth (Buol and Eswaran, 1999). Essential minerals such as
potassium, phosphorus, calcium, and magnesium are likely to be in small
amount. Not only that, oxisols also have low CEC (Buol and Eswaran,
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1999). Oxisols are also mentioned to have low activity clay that are made
up of kaolinite and iron (Fe) and aluminium (Al) oxides as well as low in
pH (Hartemink et al., 2020). However, this does not mean they are
infertile. Instead, they need the help of fertilizer to be able for crop
sustainability. Similar to what had been mentioned, oxisols, when
managed properly, perennials crops can be planted with high productivity
and sustainably (Beinrothet al, 1996). This type of soils also has good
internal drainage due to high aggregate stability making them less prone
to erosion when compared to other types of soil. Thus, soil degradation
can be avoided when oxisols are supervise properly.

Supplying crop plants with fertilizers also helps in accommodating higher
plant yield. Fertilizers is an amendment that can be applied to plants to
enhance plant growth and promotes its productivity. Fertilizers have been
categorized into several classification according to its features, strength,
and constituents. Organic fertilizer helps in increasing soil organic carbon
while inorganic fertilizer could be effective in a short period of time. Thus,
crop productivity could be increased. Nevertheless, implementing soil
amendment on the right amount of nutrients guarantee the improvement
of crop growth while intensive application of fertilizers can bring harms to
the environment (Hazra, 2016). Water spinach (Ipomoea aquatica) has
been chosen to different treatments of fertilizers. The physiological plant
growth of applying different treatment are observed and analysed.

Biochar has been widely used due to its characteristics that able retain
nutrients due to its numerous pores and higher surface charges (Liu,
2017). Recent research has shown that additions of biochar lowered the
potential of nutrient losses from the agricultural lands. Other observed
benefits such as stabilizing soil pH, improving CEC increased soil water
retention and improving beneficial microbe populations and activities,
Application of combined organic and inorganic fertilizers had been
documented in giving benefits towards soils and plant crops (Hosssain et

al,, 2010; Yuan and Xu, 2011; Novak et al, 2009; Kolton et al,, 2011).
Combination of both type of fertilizers had improved the rate of soil
organic carbon besides meet the demand of nutrients needed for
sustaining crop yield (Li et al., 2017). Make use of only chemical fertilizer
without organic manure or micronutrients fertilizers for years contribute
to this problem secondary macronutrient and micronutrients deficiency.
Therefore, implementing both fertilizer in a long term helps in alleviating
this problem (Chand et al,, 2006). Therefore, the study was conducted to
observe the growth response of Ipomoea aquatica in two different types of
soil which receive different combinations of organic and inorganic
fertilizers. Besides, observation through the changes of soil pH and total
organic carbon content were also done to understand its chemical
properties.

2. MATERIALS AND METHODS
2.1 Field experiment

The study was conducted under a controlled condition (glasshouse) in
[IUM Kuantan Campus. The experiment was done by planting water
spinach (Ipomoea aquatica) as plant sample on two different types of soil
which are normal topsoil and oxisols soil. Topsoil was taken at GNC of IlUM
Kuantan while oxisols soil was sampled from Bukit Goh, Kuantan.

2.2 Soil treatment

Five treatments were applied to each type of soil. The treatments consisted
of T1 (no fertilizer), T2 (500 g of biochar), T3 (300 g chicken manure), T4
(250 g of biochar and 150 g of chicken manure), and T5 (14 g of NPK, 150
g of chicken manure, and 250 g of biochar). All of the treatments were
prepared a week before transplanting (as shown in Table 1).

Table 1: Treatments and its application timing
Type of soil | Categories Treatment Application timing
T1 Control (no fertilizer) -
T2 Biochar Mixed with soil a week before transplant
T3 Chicken manure Mixed with soil a week before transplant
Top soil
P T4 Biochar + Chicken Mixed with soil a week before transplant
manure
TS Biochar + Chicken Only biochar and chicken manure were mixed a week before transplant. NPK was applied
manure + NPK fertilizer | once a week after transplant
T1 Control (no fertilizer) -
T2 Biochar Mixed with soil a week before transplant
T3 Chicken manure Mixed with soil a week before transplant
Oxisols
T4 Biochar + Chicken Mixed with soil a week before transplant
manure
TS Biochar + Chicken Only biochar and chicken manure were mixed a week before transplant. NPK was applied
manure + NPK fertilizer | once a week after transplant

2.3 Sowing and transplanting

Plant were sowed and let grown for 2 weeks before transplanted into each
treatment prepared. The experimental study was based on a randomized
complete block design (RCBD) with two replications.

3. MORPHOLOGICAL CHARACTERISTIC ANALYSIS
3.1 Length of plant

The length of water spinach was measured every week for 5 weeks. The
measurement was taken from the base of first emerged leaves of the water
spinach.

3.2 Length of leaves

The length of the water spinach leaves was taken every week for 5 weeks.
The measurement was taken from the 3 biggest leaves from petiole to the

apex of the water spinach leaves.

3.3 Number of stems

The number of water spinach stems was taken every week for 5 weeks.
The stems were counted for every emerging stem on the water spinach
branches.

3.4 Number of leaves

The number of the water spinach leaves was taken every week for 5 weeks.
The leaves were counted for every emerging leaf on the water spinach
branches.

3.5 Length of roots

The length of the water spinach roots was taken on week 5 after the plant
was harvested. The measurement was taken on the longest root hair.

Cite the Article: Ameelya Farzana Jamaludin, Nur Shuhada Tajudin, Rozilawati Shahari, Che Nurul Aini Che Amri, Mazidah Zulkifli, Mayzaitul Azwa Jamaludin (2021).

Effectivenes of Organic and Inorganic Fertilizer in Enhancing Growth of Ipomoea Aquatica (Water Spinach) in Two Different Types of Soil.
Tropical Agrobiodiversity, 2(1): 45-50.




Tropical Agrobiodiversity (TRAB) 2(1) (2021) 45-50

4. YIELD COMPONENT ANALYSIS
4.1 Fresh weight

The fresh weight of the water spinach was taken on week 5 after the plant
was harvested. The measurement was taken with the help of measuring
balance.

5. SoIL CHEMICAL ANALYSIS
5.1 Soil pH

Soil pH was determined by using the glass electrode by following the soil
to calcium chloride ratio at 1:2.5.

5.2 Total of soil organic carbon content (TOC)

The percentage of total organic carbon was done by following the
procedure of wet digestion method (Walkey and Black, 1934). 0.5 g of soil
was digested with K2Cr207, concentrated H2S04, and diluted with water.
The sample was titrated with FeSO4 solution with diphenylamine as
indicator. The total organic carbon content was calculated by using
formula below.

5.3 Statistical analysis

Data collected was subjected to two-way statistical analysis of variance
(ANOVA) by using statistical analysis software. ANOVA was used to
determine if one of the factors effects the result of plant parameter at
p<0.05 level of significant difference.

6. RESULTS AND DISCUSSION
6.1 Morphological characteristic of Ipomoea aquatica

The water spinach showed a positive growth effects responding to each
different treatments of normal topsoil and oxisols soil. In topsoil, T2, T3,
T4 and T5 showed higher growth compared to untreated water spinach
(T1) which represents as control (Figure 1). Interestingly, dissimilar result
was observed on oxisols, T3 showed similar growth compared T1 which
did not receive any fertilizer. However, T3, T4 and T5 of normal top soil
showed a significant higher fresh biomass compared to the same
treatments in oxisols soil (p<0.05).

Figure 1: Effects of treatments of on plant growth of water spinach after
5 weeks in topsoil (A) and oxisols (B). From left: T1, T2, T3, T4, and T5.

6.2 Length of plant

Figure 2 indicates length of plant after 5 weeks of study in topsoil. In terms
of length of plant, T3 (85.01+32.01 cm) showed the highest average
followed by T4, T5, T2 and T1 (36.15%+1.91 cm) in topsoil. This result
indicated that organic manure such as chicken manure has the ability to
improve plant’s height to the maximum. Plant height are proven to be
improved when being applied with organic fertilizers (Ahmad et al., 2017).
Organic fertilizers improved the availability of important macronutrients
and other essential nutrients such as N, P, and K for the plant uptake. These
nutrients play vital role in growth and development of plant (Ahmad et al.,
2017). On the other hand, the addition of biochar to T4 and T5 helps in

efficiency of fertilizer, especially nitrogen fertilizer by retaining the
nutrients in soil which enhance the soil fertility (Arif et al.,, 2017).
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Figure 2: Effects of treatments on water spinach length in normal
topsoil.

Figure 3 indicates length of plant after 5 weeks of study. From the ANNOVA
analysis, the treatments showed a significant effect on the plant length
planted in oxisols (p<0.05). Treatment 5 had the highest average of plant
length (59.54+2.67 cm) (p<0.05) followed by T4 (42.26+0.41 cm), T2
(38.33+0.53 cm), T1 (34.54%4.01 cm), and T3 (32.60+12.94 cm). This
trend is probably due to the combinations of both chemical and organic
fertilizers, which enhance and boost the nutrient availability. The usage of
biochar together with compost into acid soils have been mentioned to
increase soils nutrient content. This is due to biochar or compost provides
nutrients especially the macronutrients, by releasing it directly into the
soils. Besides, the combination also helps in enhancing water-holding
capacity of amended soils and thus, reduce nutrients leaching such as
nitrate and phosphorus (Ventura et al,, 2013). With the Addition of NPK
inorganic fertilizer, the organicamendments helps in holding the nutrients
more compare to treatments that did not receive any inorganic fertilizer.
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Figure 3: Effects of treatments on water spinach length in oxisols.

Treatment 3 was observed to have the lowest average of plant length
compared to T1. This could be attributed to the quantity of the organic
fertilizer that is insufficient for the plant growth. A study found that plant
that are provided with higher amount of organic manure have higher yield
compared to grown in lower amounts or synthetic fertilizer (Xu et al,
2003).

6.3 Number of stems

Water spinach in topsoil showed a significant effect to number of stems
(p<0.05). Treatment 5 had the highest number of stems, 91.25+8.13
(p<0.05) followed by T3, T4, T2, and T1 which has the lowest number of
stems, 12.63+3.71 (Figure 4). Similar result can be observed in oxisols
types of soil, where T5 contributes the highest number of stems of water
spinach while untreated T1 soils showed the least number of stems
(Figure 5). This observation showed that the high amount of nutrients
available for plant uptake in T5 could leads to increment in its vegetative
growth. Zheng and Sharma (2020) found that biochar itself could increase
the crop yield but when combined with fertilizers, the corn yield increased
by 39% to 54%. Biochar are also said to help in reducing the inhibition of
nitrification process thus, making nitrogen to be available for plant uptake.
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Number of water spinach stem planted on top soil
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Figure 4: Effects of treatments on number of stems of water spinach in
normal topsoil.

Number of water spinach stem planted on oxisols
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Figure 5: Effects of treatments on number of stems of water spinach in
oxisols soil.

6.4 Number of leaves

Figures 6 and 7 showed that T5 had significant highest number of water
spinach leaves when planted in topsoil (89.63+11.14) and oxisols
(43.38+0.88) respectively (p<0.05). Whilst, T1 had the lowest average
value of leaves. High vegetative growth in terms of leave numbers was
probably due to the high amount of nitrogen that is available in both
topsoil and oxisols soil. Organic manure had been proven to improve
vegetative growth under stress condition and contribute to high number
of leaves per branch (Ahmad et al., 2017).
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Figure 6: Effects of treatments on number of leaves of water spinach in
normal topsoil.
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Figure 7: Effects of treatments on number of leaves of water spinach in
oxisols soil.

6.5 Length of roots

Figure 8 showed the length of water spinach root after treated with
different types of fertilizer for five weeks. From the graph, water spinach
had the average of longest root hair in T4 in both topsoil and oxisols
(p<0.05). This suggest that combination of biochar together with organic
manure helps in promoting the root growth throughout 5 weeks of
treatment. A group researchers mentioned that biochar has a range of
organic molecules such as butanolide and sesquiterpenes that may affect
the germination of plant roots and growth of soil microbe respectively
(Joseph etal,, 2010). The T1, T2, T3 and T5 did not showed any significant
difference in root length for both type of soil (p>0.05).
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Figure 8: Effects of treatments on root length of water spinach in normal
topsoil and oxisols soil.

6.6 Yield production

In normal topsoil treatment, T5 and T3 showed the same highest fresh
yield with a value of 481.25+26.52g, while the lowest yield (81.25+8.84g)
was observed in T1 (p<0.05). On the other hand, fresh weight of water
spinach in T5 of oxisols had significantly the highest average of fresh yield
with 237.50£0.00g (p<0.05), while the lowest fresh yield was in T1. This
suggested that application of combined fertilizers (NPK and chicken
manure) along with biochar amendments significantly effect and
improved the plant growth through its soil properties.
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Figure 9: Effects of treatments on length of water spinach leaves in
topsoil.

7. CHEMICAL CHARACTERISTIC OF SOIL

7.1 Soil pH

Table 2: Initial and final pH readings in topsoil and oxisols

pH reading in top soil

Treatments T1 T2 T3 T4 T5
Initial reading 4.96b 4.81b 5.25a | 5.23a | 5.15a
Final reading 3.48¢ 3.72c 4.23b | 4.43a | 4.49a
pH reading in bauxite soil

Treatments T1 T2 T3 T4 T5
Initial reading 4.66b 4.64b | 6.43a | 6.49a | 6.40a
Final reading 4.50b 4.43b | 4.65b | 492a | 4.93a
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Table 2 showed the pH of soils before and after treated in both types of
soil. Initially, the pH increased in T2, T3, T4 and T5 compared to T1 which
had the lowest pH in normal top soil and oxisols soil. This is due to the
application of organic amendments of biochar and chicken manure that
leads to the increase of pH and soil nutrients content. Biochar has the
ability to improve soil fertility and soil chemical property because of its
characteristics. It has a high surface area, porous, and able to absorb
soluble organic matter and inorganic nutrients. Biochar also comprised of
ash, which is substantial with available nutrients especially cations
(Adekiya et al., 2020). A group researcher also mentioned that biochar is
able to elevate soil pH by releasing basic cations such as calcium (Ca),
potassium (K), magnesium (Mg), and silicon (Si) (Phares et et al.,, 2017).

These basic cations can form alkaline oxide or carbonates and reacts with

H and Al3+ and decrease exchangeable acidity thus, raise soil pH.
Although, states that application of NPK fertilizer alone did not able to
raise soil pH (Adekiya et al., 2020). Consequently, the elevation of initial
soil pH in T5 are probably cause by the addition of biochar and organic
fertilizers into the treatment. A study by also found that application of
organic manures helps to increase the soil pH (Schulz and Glaser, 2012).
However, in both type of soil, the pH were observed to be decreased after
5 weeks of applications. Treatment 5 had the highest value pf pH
compared to other treatments with significant value compare to T1, T2
and T3 (p<0.05) This is due to the production of organic acids by plants
that had been released into the soil. Besides, the action of nutrient uptake

into plant is countered by release extra H" ions into the soil solution
especially if the nutrient is phosphorus (Toncea et al.,, 2015).

The increment of H' ions in soil solution could decrease the soil pH and
making them acidic. Besides, overtime, decomposition process by soil
microbes could lead to decrease in soil pH. At first, the soil pH raise
because of the microbes in soil breaks down plant material to ammonium
through a mineralization process. Then, the ammonium will be converted
into nitrate through a process called nitrification. This process causes the
pH to goes down and drop even more if the nitrate is lost to leaching (Mc
Cauley et al,, 2017). Furthermore, some study stated that addition of
organic manures could result in drop of pH in alkaline soil (Yaduvanshi,
2003; Mahmood et al,, 2017).

7.2 Total of organic carbon (TOC) in soil

Similar to soil pH, soil organic carbon is also one of indicators in measuring
soil fertility and quality. The soil organic carbon influenced wide range of
soil physical, chemical, and biological properties. It has been mentioned
that changes in SOC could improve soil deterioration and fertility (Han et
al,, 2016). However, they are affected due to external factors. For example,
reducing the usage of fertilizer especially nitrogen, could decrease the
level of SOC. On the other hand, climate change could also affect soil carbon
changes due to increasing temperature that could increase the rate of
decomposition of organic matter (Bhogal et al.,, 2009).

Table 3: Initial and final reading of total organic carbon (TOC) (%) in
normal topsoil and oxisols
Total organic carbon (TOC) in normal topsoil

Treatments T1 T2 T3 T4 T5
Initial reading (%) | 0.48c | 0.96a 0.30d 0.66b 0.12e
Final reading (%) 0.33d | 0.72b 0.42c 1.02a 0.96a

Total organic carbon (TOC)) in oxisols
Treatments T1 T2 T3 T4 T5
Initial reading (%) | 0.60c 1.44a 0.90b 0.78c 1.02b
Final reading (%) 0.72c 1.26a 1.02b 1.35a 1.50a

Application of biochar to any types of soil has the benefits of increasing
soil carbon and organic matter status compared to synthetic fertilizers
(Arif et al., 2017). This can be observed in the initial reading of both soils
treated with biochar (T2). Treatment 2 showed a significantly highest
reading of TOC with value of 0.96 and 1.44% in normal topsoil and oxisols
soil, respectively (p<0.05). However, after 5 weeks of treatment, T4 and
T5 of both soils had a higher value compared to T1, T2 and T3. Treatment

1 showed the least content of TOC due to no presence of organic soil
amendments.

8. CONCLUSION

The applications of biochar, chicken manure, and combination of chicken
manure and NPK fertilizer along with biochar had been proved to have a
significant effect on the growth of water spinach planted in both oxisols
and normal topsoil compared to water spinach that did not receive any
organic amendments (T1). For normal topsoil, T5 showed a significant
effect on the growth of water spinach with a significant increase in the
number of stems, number of leaves and its fresh yield. In oxisols soil, which
characterized as an infertile soil with low pH value, applications of organic
amendments had showed pH towards neutral in treatment 3, 4 and 5.
Treatment 5 with a significant higher content of TOC (p<0.05) showed the
best treatment that can be used in treating oxisols soil for crop planting. A
significant effect is found on the length of plants, number of stems, and
number of leaves of the water spinach.
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