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Abstract. Low production of all crops cultivated due to the poor physical and chemical properties of such
soil, including acid reaction; high organic acid content, which is toxic for crops; low macronutrient and
micronutrient content. The use of the ameliorants Cu?*, Fe®*, and Zn?* together with Palm Qil Frond (POF)
compost can improve peat soil with a low impact on the environment. This research aimed to examine the
effects of the ameliorants Cu?*, Fe®*, and Zn?* and POF compost applications on the growth of mung bean.
The first factor was the ameliorant application with four levels (without ameliorant Cu®*, Fe®*, and Zn?").
The second factor was the POF compost doses with four levels (0, 12, 24, and 36 g per plant). Results
showed that the interaction of ameliorant (Cu?*, Fe®*, and Zn?* and POF compost applications significantly
affect the percentage of fully filled pods, seed dry weight, and root volume of mung bean. The best treatment
was achieved with the application of ameliorant Cu?* and 24 g plant® POF compost, which resulted in
26.67 g plant? seed dry weight, 94.7% fully filled pods, and 27.4 cm? root volume, comprising increased
percentages of 175.5%, 32.8%, and 109.2%, respectively, compared to no treatment.
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Introduction

Mung bean (Vigna radiata (L.) R. Wilczek) is a leguminous crop that grows well in
tropical regions and has high nutritional value. Currently, the demand for mung bean in
Indonesia increases each year, yet its production tends to decrease every year. Mung bean
production decreased from 1739 tons in 2007 to 598 tons in 2015 (Bureau, 2016). This
decreased production is caused by low land productivity with non-optimal soil and crop
management. Agricultural land in Riau mostly consists of marginal land with low
productivity, including dry and wet land. From this land area, peat soil reaches
3.87 million hectares or 59.94% from the total peat soil in Sumatera and 25.96% from the
total peat soil in Indonesia (IAARD, 2011).

Peat soil for agriculture in Indonesia is used for both plantation and food crops. The
development of peat land for agriculture increases continuously owing to the decreasing
dry land area, which is a result of land conversion for other purposes, while the land
requirement for food production persistently increases (Darmawan et al., 2015; Nurulita
et al., 2016). Although dry land extensification can be conducted, the agricultural
extensification of peat land is being further explored by policy makers and researchers
because peat land area is sufficiently wide in Indonesia (Jaenicke et al., 2008; Siti et al.,
2013). The average production of almost all crops cultivated on peat soil, including mung
bean, remains low. This condition is due to peat soil having poor physical and chemical
properties, such as acid reaction; high organic acid content, which is toxic for crops; and
low macronutrient and micronutrient content (Troeh and Thompson, 2005; Lampela et
al., 2014). The management and sustainability associated with the chemical and physical
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aspects of peat soil must be performed correctly to increase peat soil productivity (Hooijer
etal., 2012; Comte et al., 2013; Hoyos et al., 2015; Kéndnen et al., 2015).

Nutrient uptake (anion) of plant on peat soil is very low because peat soil has high
negative charge. Thus, the adsorption and anion exchange capacity of peat soil is low,
leading to low availability and nutrient uptake (Stevenson, 1994). Adding cations, such
as Cu?*, Fe3*, and Zn?*, into peat soil is expected to increase anion exchange capacity and
the availability and nutrient uptake of crops. The outcome is especially apparent in anions
where the cations Cu?*, Fe3*, and Zn?* function as metals bridging organic acid and NO3z"
or H2POy4™ in the chelating formation of peat soil. Complex compound formation between
organic acid molecules and metal ions that form more than one bond will increase the
stability of complex compounds (Abat et al., 2012).

The bond phenomenon between metal ion and organic acid enables the use of several
cations in controlling the reactivity of phenolic acids so that they do not poison and
endanger crops (Orlov, 1995; Shanmugam et al., 2018). The application of polyvalent
cation on peat soil in Indonesia (Kalimantan and South Sumatera) can reduce the content
and reactivity of phenolate acid and increase crop production (Hartatik and Nugroho,
2001; Brachia, 2006). In the current study, the application of polyvalent cations, such as
Cu?*, Fe**, and Zn?*, as ameliorant is expected to reduce toxic organic acids, including
phenolic acids and carboxylic acids, through the formation of an organo-cation complex
(Gyliene and Salkauskas, 2001; Tan, 2010). Thus, the toxic properties of these acids will
be reduced to improve the crop growth and development of mung bean. Peat soil also
contains very low amounts of micronutrients, such as Cu?*, Fe3*, and Zn?*, which are
strongly chelated with organic matter and are thus not available to crops (Abat et al.,
2012; de A. Melo et al., 2014). The cations Cu?*, Fe*, and Zn?* act as ameliorant
materials and are a source of nutrients for crops (Jones, 2012; Sullivan et al., 2013).

Besides applying an ameliorant material, an additional organic matter, such as
compost, is required for the use of peat soil for crop cultivation. The application of Palm
Oil Frond (POF) compost is expected to activate microorganisms in peat soil. The organic
material is an energy source for soil microorganisms that can increase microorganism
activity in the decomposition of organic materials to stabilize peat soil (Fan et al., 2007;
Onwonga et al., 2010). Furthermore, the POF compost contains the macronutrients N
(0.75%), P (0.47%), and K (0.80%) (Eviati, 2011). Thus, it can enrich the nutrients N, P,
and K of peat soil to support the growth of mung bean. The article aimed to investigate
the effects of ameliorant Cu?*, Fe**, and Zn?* applied with palm oil frond compost on the
yield and growth of mung bean, grown on peat soil in Riau, Indonesia.

Material and Methods

This research was conducted at the experimental farm of the Faculty of Agriculture,
Universitas Islam Riau, Pekanbaru, Indonesia for four months, from November 2018 to
February 20109.

Experimental design

The experimental design used was a factorial 4x4 in a completely randomized design
with three replications. The first factor was the ameliorant treatment application with four
levels (without ameliorant, Cu?*, Fe3*, and Zn?*). The second factor was the dose of POF
compost with four levels (0, 12, 24, and 36 g per plant). This experiment consisted of 48
experimental units, with each experimental unit consisting of 8 plants (8 pots). The
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observational data were analyzed using analysis of variance and the honestly significant
difference (HSD) test at 5% probability level (P = 0.05) (Stell and Torrie, 1980).

Variety and soil sampling

The mung bean variety used in this experiment was Vima 1. The peat soil sample
originated from Pekanbaru, Riau, and was collected at a depth of 10-40 cm with the sapric
decomposition level. Each pot was filled with 8 kg of peat soil (300% soil water content)
or equivalent to 2 kg of absolute dry weight.

Treatment application and fertilization

The ameliorants Cu?*, Fe®*, and Zn?* (5% maximum sorption) were applied in the form
of CuSOs, FeCls, and ZnSOg, respectively. They were then mixed and stirred with soil
three weeks before planting. POF compost was applied and stirred evenly in accordance
with the treatment 1 week before planting. N fertilizer (urea 50 kg hal), triple super
phosphate (TSP) (150 kg ha™), KCI (100 kg hal), and lime CaMg(COs). were also
applied a week before plantingg (1-ton hat).

Observation parameters

The observed parameters in this study were relative growth rate (RGR), seed filling
rate (SFR), effective seed filling period (ESFP), percentage of fully filled pods, seed dry
weight, and root volume.

The study was conducted at the experimental farm of the Universitas Islam Riau, Riau
Province, Indonesia. The experiment involved a completely randomized factorial design
with three replications, Figure 1 shows the location of experiment conducted.

Basilan Island

Malaysia

Kuala Lumpur
]

' Sirjgapore

Indonesia

Figure 1. Location of experiment in Pekanbaru city, Riau Province, Indonesia

Results and Discussion
RGR

From the observation of RGR (Table 1), the application of ameliorant materials and
POF compost produce higher RGR than without both ameliorant and POF compost. This
result is due to the improved plant growth response with the application of ameliorant
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materials and POF compost. The POF compost contains plant nutrients and a source of
energy for soil microorganism for survival and activity in the soil. Hence, microorganism
activities in agricultural soils profoundly influence plant nutrient availability and OM
transformation (Onwonga et al., 2010). In addition, the application of organic and
inorganic ameliorants into the soil can improve soil conditions and enhance plant growth
(Okwuagwu et al., 2003; Rudrappa et al., 2006).

Table 1. Relative growth rate of mung bean with ameliorant materials and POF compost
treatments (g day™)

Days Ameliorant POF compost (g plant™) %
materials 0 12 24 36
Without ameliorant  0.106a 0.121a 0.175a 0.152a 0.139c
Cu?* 0.153a 0.189a 0.241a 0.226a 0.202a
14-21 Fe3* 0.135a 0.170a 0.219a 0.195a 0.180b
Zn%* 0.137a 0.163a 0.208a 0.184a 0.173b
X 0.133d 0.161c 0.211a 0.189b
Without ameliorant]  0.342a 0.372a 0.429a 0,394a 0.384d
2835 Cu?* 0.423a 0.453a 0.504a 0.476a 0.464a
Fed* 0.403a 0.435a 0.485a 0.460a 0.446b
Zn%* 0.396a 0.417a 0.472a 0.449a 0.433c
X 0.391d 0.419c 0.473a 0.445b

The number in rows and columns followed by the same small letter show no significant difference (HSD
test, at P = 0.05)

Table 1 also shows that the highest RGR was at the age of 14-21 and 28-35 days in
the treatment of ameliorant Cu?* for 0.202 and 0.464 g day™, respectively. The lowest
RGR was found without ameliorant treatment at 0.139 and 0,384 g day*. Furthermore, in
the main effect of POF compost application alone, the highest RGR was at the age of 14—
21 and 28-35 days during the addition of as much as 24 g plant™* POF compost for 0.211
and 0.473 g day™, respectively. The lowest RGR was found without compost treatment
at 0133 and 0.391 g day*. The RGR of plants increased due to an increase in plant growth
and photosynthesis process. The increased photosynthetic process increases plant
biomass (Jumin et al., 2014).

The increased RGR is hypothesized to be caused by an increase of plant nutrient uptake
by ameliorant addition. Zahrah (2010) found that the application of an ameliorant (Cu?*,
Fe3*, and Zn?*) on peat soil for several varieties of rice can increase the uptake of N, P,
and K and seed dry weight. Maftu’ah et al. (2013) also reported that the application of
ameliorant on peat soil increases the growth and nutrient uptake of N, P, and K on sweet
corn.

Seed filling rate

The observation result of SFR of mung bean is summarized in Table 2. The data from
Table 2 indicate that the interaction of ameliorant materials and POF compost treatments
did not significantly affect the SFR of mung bean (analysis of variance). However, the
main effect of each treatment factor was significant. The SFR results (Table 2) show that
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all treatments with the addition of an ameliorant (Cu?*, Fe**, and Zn?*) and various doses
of POF compost into the peat soil produced higher SFR than without both ameliorant
addition (Cu?*, Fe*, and Zn?*) and POF compost. The highest SFR was obtained from
additional treatment with the ameliorant Cu?* (0.060 g seed™day*) and the addition of as
much as 24 g plant (0.061 g seed*day™) POF compost. The increased SFR generated by
the addition of ameliorant materials was due to the improved plant growth as reflected by
the growth of RGR owing to the addition of ameliorant materials and POF compost into
the peat soil (Table 1). Thus, the accumulation of dry plant materials (biomass) also
increased. Jones (2012) stated that the results of plant biomass and seed development are
determined by the rate of plant growth.

Table 2. Seed filling rate of mung bean seed with ameliorant materials and POF compost
treatments (g seed*day™)

Ameliorant POF compost (g plant™) %
Materials 0 12 24 36
Without 0.038a 0.044a 0.051a 0.047a 0.045¢
Ameliorant
Cu?* 0.053a 0.055a 0.070a 0.061a 0.060a
Fe3* 0.050a 0.054a 0.063a 0.058a 0.056a
Zn?* 0.049a 0.053a 0.059a 0.055a 0.054b
X 0.047¢ 0.052b 0.061a 0.055h

The number in rows and columns followed by the same small letter show no significant difference (HSD
test, at P = 0.05)

Peat soil management with an additional appropriate ameliorant type and proper
dosage improves chemical properties and soil microbiology activity to support plant
growth (Bragazza et al., 2007). Therefore, a good ameliorant is one that can improve peat
soil conditions, increase crop production, preserve peat soil, and reduce negative impacts
on the environment (Husen and Agus, 2011; Agus et al., 2012).

Effective seed filling period
The ESFP of mung bean is presented in Table 3.

Table 3. Effective seed filling period of mung bean with ameliorant materials and POF
compost treatments (day)

Ameliorant POF compost (g plant™) %
Materials 0 12 24 36
Without 33.33a 35.89a 34.60a 36.11a 34.98¢
Ameliorant
cu? 30.00a 31.27a 28.32a 30.47a 30.02a
Fed* 31.19 33.64a 32.67a 33.24a 32.68b
Zn?* 29.44a 29.85a 33.85a 30.76a 30.98b
X 30.99 32.66 32.65 32.65

The number in rows and columns followed by the same small letter show no significant difference (HSD
test, at P = 0.05)
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Table 3 illustrates that the effect of the interaction of ameliorant materials and POF
compost treatments was not significant (analysis of variance). However, the main effect
of ameliorant (Cu?*, Fe**, and Zn?*) application alone was significant on the ESFP of
mung bean. The application of the ameliorant Cu?* caused a shorter ESFP than the
addition of the ameliorants Fe** and Zn?* at 30.02 days. ESFP describes the time required
by seeds to evolve perfectly and reach maximum dry weight (Salisbury and Ros, 1996).
Therefore, the higher the SFR is, the shorter the ESFP will be. These results indicate that
the highest SFR, namely, 0.070 g seed’day?, was obtained from the treatment
combination of additional ameliorant Cu?* and as much as 24 g plant? (Table 2) POF
compost with the fastest ESFP, namely, 28.32 days. The longest was 33.33 days without
ameliorant and without POF compost (Table 3).

Percentage of fully filled pods
The percentage of fully filled pods of mung bean is shown in Table 4.

Table 4. Percentage of fully filled pods of mung bean with ameliorant materials and POF
compost treatments (%)

Ameliorant POF compost (g plant™) %
materials 0 12 24 36
Without ameliorant 71.3d 82.7c 84.5¢ 83.4c 80.48¢c
Cu? 85.9bc 86.6¢ 94.7a 89.1b 89.08a
Fe3* 83.7¢c 83.7c 85.6bc 85.0bc 84.70b
Zn* 83.4c 83.5¢c 85.6bc 84.2¢c 84.17b
X 81.08c 84.13b 87.75a 85.43b

The number in rows and columns followed by the same small letter show no significant difference (HSD
test, at P = 0.05)

Table 4 shows that the addition of ameliorant (Cu?*, Fe3*, and Zn?*) and POF compost
on peat soil produced a higher percentage of fully filled pods than without both ameliorant
and POF compost. The highest percentage (94.7%) of fully filled pods was derived from
the highest treatment with the application of ameliorant Cu?* and as much as 24 g plant™
POF compost, and it was significantly different from the other treatment combinations.

These results revealed that Cu?* cations had a better ability to neutralize the adverse
effects of organic acids on mung bean growth compared with Fe* and Zn?*. Toxic
organic acids in plants are neutralized through the occurrence of chelating the positive
charge of metal cations with organic acids, which has a negative charge (Gyliene and
Salkauskas, 2001; Tan, 2010).

The results of the high fully filled pods were also associated with improved SFR and
ESFP results with such treatment combination. The pods will be fully filled if the
translocation of photosynthesis results in seeds that run smoothly and are effective. In
addition, as a chelating agent of peat organic acids, Cu is a micronutrient that should be
added to peat soil to achieve good growth and increase crop production. The use of
tropical peat enriched with micronutrients can contribute to improving agricultural
productivity because micronutrients can effectively stimulate plant growth®. As a
micronutrient, Cu acts as an enzyme activator, regulating carbohydrate and protein
metabolism and chlorophyll formation (Jones, 2012; Sullivan et al., 2013).
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Seed dry weight

The observation result of the seed dry weight of mung bean after analysis of variance
showed that the interaction effect of ameliorant materials and POF compost treatments
was significant on the seed dry weight. This result indicates that the seed dry weight of
mung bean as a result of applying several doses of POF compost was not the same for
different ameliorants (Cu?*, Fe**, and Zn?*). The result of the seed dry weight of mung
bean is presented in Table 5.

Table 5. Seed dry weight of mung bean with ameliorant materials and POF compost
treatments (g plant™)

Ameliorant POF compost (g plant™) %
materials 0 12 24 36
Without 9.67j 19.00fghi 21.33de 20.33¢fg 17.58¢
ameliorant
Cu? 19.67efgh 22.33cd 26.67a 24.33bc 23.25a
Fedt 18.00hij 19.67efgh 24.67ab 21.33de 20.92b
Zn% 17.33ij 18.67ghij 23.67bc 21.00ef 20.17b
X 20.64d 19.92c 24.08a 21.75b

The number in rows and columns followed by the same small letter show no significantly different (HSD
test, at P = 0.05)

Table 5 shows that the addition of ameliorant (Cu?*, Fe®*, and Zn?*) and POF compost
into peat soil produced the higher dry weight of seed than without both ameliorant and
POF compost. An increase in seed dry weight of mung bean with the application of
ameliorant materials (Cu?*, Fe®*, and Zn?*) and POF compost improved soil conditions
than without ameliorant. Thus, the plant roots grew well. Good root development
enhances nutrient uptake, growth, and crop production (Rudrappa et al., 2006; Stursova
and Baldrian, 2011). Chelation between Cu?*, Fe®*, and Zn?* and organic acids neutralizes
the organic acids of peat so that they do not poison the plant. Phenolic acids are an
intermediate compound in humus formation. At a certain concentration, this compound
is toxic and will inhibit plant growth and reduce crop production (Orlov, 1995). The
results of the highest dry weight of mung bean with the addition of Cu?* ameliorant and
as much as 24 g plant* POF compost were also related to SFR and the highest percentage
of fully filled pods with such treatment (Table 2 and Table 4).

Table 5 shows that the highest dry weight of the seeds was obtained from the addition
of the ameliorant Cu?* and as much as 24 g plant™ POF compost treatments, namely,
26.67 g plant?. The lowest dry weight without ameliorant and without POF compost
treatments was 9.67 g plant™. This result indicates that the Cu?* cation was more effective
in chelating with the organic acids of peat compared with the cations Fe* and Zn?*. It can
effectively suppress the adverse effects of organic acids of peat on growth and crop
production. The stability of the chelating bond was Cu > Fe > Co > Ni > Zn = Mn [20].
These results also relate to the role of Cu?* as a cation chelating organic acid of peat soil
and a plant micronutrient involved in chlorophyll formation as well as an important
coenzyme for activating several plant enzymes (Lampela et al., 2014).

Adding inorganic and organic fertilizers also improves the physical, chemical, and
biological conditions of soil and, therefore, increases the production and quality of crops,
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including seed quality (Hooijer et al., 2012). The application of inorganic and organic
ameliorants can improve soil chemical properties and stabilize peat soil, reducing
greenhouse emission and increasing crop production on peat lands (Murdiyarso et al.,
2010; Ko6nonen et al., 2015).

The results of regression and correlation analyses of seed dry weight are shown in
Figure 2.
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Figure 2. Relationship between dosage of POF compost and the seed dry weight per plant on
the various ameliorant materials (a) without ameliorant, (b) with Cu®* ameliorant (c) with Fe**
ameliorant (d) with Zn** ameliorant

Figure 2 shows that the seed dry weight increase with increasing doses of POF
compost from 0 to 24 g plant™? and decreases with the addition of 36 g plant™ for all
ameliorant materials (Cu?*, Fe3*, and Zn?").

Root volume

The average of root volume for mung bean is presented in Table 6.

The data in Table 6 show that the highest root volume (27.4 cm?®) was obtained from
the ameliorant treatment addition of Cu?* and as much as 24 g plant™* POF compost; it
was also significantly different from that obtained from other treatment combinations.
The lowest root volume was found without both ameliorant and POF compost treatments.
These results relate to the improvement of the root zone (rhizosphere) with the addition
of ameliorant materials and POF compost that can increase the growth and development
of plant roots, thus increasing root volume. In addition, Cu?* has a role in root respiration.
As root respiration increases, the uptake of plant nutrients also increases as a result of
improved plant growth (Kénénen et al., 2015).
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Table 6. Root volume of mung bean with ameliorant materials and compost and POF compost
treatments (cm®)

Ameliorant POF compost (g plant™) ¥
materials 0 12 24 36
Without ameliorant 13.1f 16.6e 19.3cde 18.9cde 17.0c
Cu? 19.9cd 21.5hc 27.4a 22.4bc 22.8a
Fed* 18.7cde 19.8cd 23.2b 21.8bc 20.9b
Zn?* 18.2de 19.3cd 21.8hc 20.1bc 19.9b
X 17.5d 19.4c 22.9a 20.8b

The number in rows and columns followed by the same small letter show no significant difference (HSD
test, at P = 0.05)

Conclusions

The interaction of ameliorant (Cu®*, Fe3*, and Zn?*) and POF compost applications
significantly affected the percentage of fully filled pods, seed dry weight, and root volume
of mung bean. The best treatment was found in the application of ameliorant Cu?* and
24 g plant® POF compost. The results showed 26.67 g plant™ seed dry weight, 94.7%
fully filled pods, and 27.4 cm® root volume at increased percentages of 175.5%, 32.8%,
and 109.2%, respectively, compared with no treatment. The main effect of the application
of ameliorant materials alone was significant on the RGR, SFR, ESFP, percentage of fully
filled pods, seed dry weight, and root volume. The best treatment was found on the
ameliorant Cu?*. The main effect of POF compost application alone was significant on
the RGR, SFR, seed dry weight, percentage of fully filled pods, and root volume. The
best treatment was achieved in the application of 24 g plant™ POF compost.
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