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Abstract. In recent years, soil amendments have been widely used in agriculture to improve the soil
quality, plant production and quality, and reduce the fertilizer usage. Thus, current study was carried out
to investigate the effects of palm kernel biochar and food waste compost on soil properties, plant growth
performance and physiological responses of Cordyline fruticosa, Coleus sp., and Rhoeo discolor. These
plants were arranged in a randomized complete block design (RCBD) with eight treatments; control (T1),
fertilizer (T2), food waste compost (T3), compost + < 20% of fertilizers (T4), biochar (T5), biochar
+ < 20% of fertilizers (T6), biochar + compost (T7), biochar + compost + < 20% of fertilizers (T8), with
four replicates. The application of food waste compost and biochar in Coleus sp. showed the best
performance concerning plant growth including the plant height (65.75 cm), the number of leaves (59),
chlorophyll contents (29.70 pmol/m?), photosynthetic rate (23.53 pmol CO; s'), stomatal conductance
(0.009 mmol m2 s1), transpiration rate (0.269 mmol m2 s1), water use efficiency (WUE) (88) and total
biomass (62.50 g). It can be concluded that the addition of compost and biochar as a soil amendment can
improve soil fertility and plant growth performance.

Keywords: soil amendment, landscape plant, reduce, fertilizer, nursery

Introduction

Soil amendment is an addition of material to the soil which helps improve physical
and chemical properties such as increasing soil aggregate stability, improve soil pH,
nutrient content in soil and improve aeration and drainage in soil (Shainberg et al.,
1990). In recent years, soil amendments have been widely used in agriculture
development to improve the soil quality, increase crop yield and plant growth
performance (Chan et al., 2008). The use of agricultural wastes as soil amendments also
has received attention in recent years for agronomic application (McGeehan, 2012).
Biochar and compost are organic agricultural waste that undergo a transformation that
facilitates their use as soil amendments. These soil amendments provide benefits most
people especially farmers where the application enable them to reduce the fertilizer
usage which is harmful to the environment.

Biochar technology are a technology to boost agricultural production and at the same
time helps to preserve the environment (Montanarella and Lugato, 2013). Biochar is a
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charcoals that contain high carbon (C) which is more than 50% produced through
pyrolysis process either with little or without oxygen (Nartey and Zhao, 2014), and it
can last for a long period of time up to millions years. Biochar is similar to charcoal in
terms of its shape and its black colour. Besides, biochar potentially reduces emissions
compared to other biomass that will naturally lower the greenhouse gases and also have
sufficient carbon absorption value (Woolf et al., 2010). The increase amount of biochar
used in soil will raise the availability of major cation and phosphorus, total nitrogen and
cation exchange capacity (CEC) (Lehmann et al., 2003) which ultimately will increases
yield and plant growth performance. High nutrient availability for plants is a result of
increased nutrition from biochar, increased nutrient retention, and changes in soil
microbial dynamics (Ding et al., 2016) (Tian et al., 2016). Its long-term benefits to
nutrient availability are associated with higher organic carbon stabilization along with
slower nutrient release in biochar compared to commonly use organic materials
(Sharma et al., 2017). The role of biochar on plant productivity improvement is
influenced by the amount of biochar added as soil amendment.

In addition, compost is a nitrogen-rich organic fertilizer resulting from the decay of
plant waste, food waste, and livestock faces. Matured compost can be used for soil
treatment purposes, improving nutrient content in soil and planting on a small or large
scale. The period of the materials to become compost is dependent on the materials
used, the content of microorganisms and temperature. Food waste is widely used as a
compost material because it contains high organic matter content and low heavy metals.
Food waste has a wide ability for bioconversion to alternative fertilizers (Chang and
Chen, 2010). This conversion requires the implementation of new technologies to
recycle waste in the form of compost for use in agriculture. The addition of food waste
compost to the soil has increased of the bacteria in the rhizosphere and found that this
compost is composed of high carbohydrates such as fruits and vegetables and it is easy
to use as a carbon source and energy by microorganisms (Lee et al., 2004). Food waste
compost helps increase the nutrient content in the soil to a more compact and easily
absorbed by plant for healthy growth (Chang and Chen, 2010). Food waste compost
also can even improve the chemical, biological and physical levels of soil resources and
reduce density and soil compression to promote the beneficial bacteria growth to the
soil (Senesi and Plaza, 2007). Moreover, it can improve the ventilation, water reservoir
ability to prevent the disease from the soil and the ability of food waste compost in
absorb carbon has reduced the occurrence of climate change.

The ornamental plants used in this study are Cordyline fruticosa (palm lily) Coleus sp.
(coleus), and Rhoeo discolor (boat lily). These plants are fast growing plants which
become the main landscape plants used by nursery in University of Malaya and always
will be replanted for the purpose of landscaping and event in campus. Hence, the current
study was conducted to measure the soil properties and physiological growth responses of
palm lily, coleus and boat lily using various soil amendments such as food waste compost
and biochar with fertilizer and reduction of fertilizer that can be suggested to nursery of
the Department of Property Management and Maintenance (JPPHB), Universiti Malaya.

Materials and methods
Experimental design

The study was conducted at the nursery of the Department of Property Management
and Maintenance (JPPHB), Universiti Malaya, Malaysia for about four months of
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observation. The nursery receives a range of Photosynthetically Active Radiation (PAR)
of 150-2000 pE m™ s7!, relatively humidity (RH), 60-90%, precipitation 5-
9 mm/0.2 inches and temperature, 25-29 °C for 4 months starting from 29 October 2018
until 28 February 2019.

Palm lily, coleus and boat lily were grown by applying the treatments stated in
Table 1. Each treatment was applied in the soil.

Table 1. List of treatments

Treatment Types of treatment
Treatment Without soil amendment (control)
Treatment 2 Fertilizer
Treatment 3 Food waste compost only
Treatment 4 Food Waste Compost + <20% of Fertilizers
Treatment 5 Biochar only
Treatment 6 Biochar + < 20% of Fertilizers
Treatment 7 Biochar + Food Waste Compost
Treatment 8 Biochar + Food Waste Compost + < 20% of Fertilizers

The experiment was arranged in a randomized complete block design (RCBD) with
four replications. The amendments were mixed thoroughly into soil pots 15 days before
transplanting.

Preparation of planting materials

The species studied; Cordyline fruticosa (palm lily) Coleus sp. (coleus), and Rhoeo
discolor (boat lily) (Lopez-Martinez Sugey, 2018) were chosen based on their prominent
role as landscape plants which are fast growing and have aesthetic values such as
attractive leaf color. After two weeks of sowing, the plants were transplanted into the pots
(8 cm x 10 cm) size filled with soil according to the treatment. Each pot contained one
plant. The ratio of the media that commonly used in the nursery is 3: 2: 1 which consists
of topsoil, black soil organic, and sand. The topsoil refers to the top layer of about 5 cm to
30 cm from the surface of the earth. The topsoil is used to repair the soil structure by
mixing or placing topsoil on the land area cultivated for agricultural purposes and
supplying nutrients to the soil. The black organic soils in treatment 3, 4, 5, 6, 7 and 8 have
been replaced by the biochar or compost or a mixture of both compost and biochar.

Biochar and food waste compost characteristic

Biochar used in this study is obtained from Bangi, Malaysia which is produced with
500 °C pyrolysis process. Food waste compost is obtained from Zero Waste Campaign,
University Malaya which is produced by the food waste from University Malaya
campus. The characteristic of biochar and compost is listed in Table 2.

Data collection

Physiological parameters

The relative chlorophyll content of the leaves was determined using a chlorophyll
meter (SPAD-502 Plus, Minolta, Japan) (Aimee and Normaniza, 2014), providing a
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rapid and non-destructive approach that enables in situ measurement. The observation
was made starting at 15 days after transplanting (DAT) and continued fortnightly. The
photosynthetic rate, transpiration rate, and stomatal conductance were measured using a
portable photosynthesis system (Li6400XT, LI-COR, USA). These parameters were
measured between 11.00 am and 2.00 pm where the plants receive optimum PAR
throughout the experiment. The instantaneous water use efficiency (WUE) was
determined as a ratio of photosynthetic rate (A) to transpiration rate (E) (Aimee and
Normaniza, 2014).

Table 2. Chemical properties of amendment used

: EC |Totaloc| N | P | K | ca| Mg | cu
Biochar pH

(dS/m) (%) (ppm)

Oilpaimkernel | 861 | 367 | 4341 | 05 | 015 | 074 | 227 | 0.25 | 17.85

Food waste compost | 6.60 | 248 | 1434 | 239 | 282 | 021 | NA | 036 | 2149

NA = Not applicable

Plant height, number of leaves and total biomass

The plant height was measured using a measuring tape and the number of leaves was
counted manually every fortnightly. The total biomass was recorded after oven-drying
the sample at 40 °C for 72 h until the weight was constant using a mass balance
(accuracy of 0.01 g). The dry weight of the plant was then regarded as the amount of
biomass.

Soil chemical analysis

The soil pH in 1:2.5 (w:v) was determined after harvest by using a pH meter/mV
with a resolution of 0.01 (HI211-01, Hanna ins., Italy). The total nitrogen (N) was
determined by using the Kjeldahl method (Bremner, 1996). The sample was placed in
the digestion tube with 10 ml concentrated H.SO4 and a table of Kjeldahl catalyst. The
sample was placed in the digestion block for 4 h at 330 °C or until the solution change
into cloudish colour. The distillation method by collecting the distilled sample in 5 ml
of 3% boric acid until change to green colour and titration method by titrating the
solution with 0.01 N HCL until the colour change to purpled-brown colour was done
for another steps to get the total nitrogen. The organic matter was determined using
loss of ignition method (LOI) (Storer, 1984). The sample was placed in the crucible
for heating in the oven 16 h at 110 °C and heating in the muffle furnace for 6 h at
600 °C.

Data analysis

A statistical analysis was performed using SPSS program (SPSS version 24.0). The
two-way Analysis of Variance (ANOVA) was applied to determine the significant
difference of eight treatment with four replication for all three different species. The
post-hoc test was conducted using a Duncan’s Multiple Range Test (DMRT). The
correlations among the parameter studied (plant height, number of leaves, total biomass,
photosynthetic rate, soil pH, total nitrogen, and organic matter) in all treatments were
also determined using Pearson’s correlation.
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Results
Effect of soil amendment on plant growth performance

The application of soil amendments was positively affected the growth of palm lily,
coleus and boat lily. The plant height showed significantly higher in the amendment-
treated plants than those treatments without soil amendments (control and standard
media + fertilizer). Amongst the plants, coleus showed the tallest in Treatment 8 with
biochar + food waste compost + < 20% fertilizer (Table 3).

The application of soil amendments also positively affected the number of leaves
among the plant species after the four-month observation. All the species exhibited
significant increment in the number of leaves, showing coleus was the highest (Table 3).
In addition, Treatment 4 (food waste compost + < 20% fertilizer) showed significantly
the highest increment among the treatments.

Table 3. Effect of soil amendments on the plant height and number of leaves of the species
studied

Plant height (cm) Number of leaves
Treatment - - - -
Cordyline sp.| Coleus sp. |Rhoeo discolor|Cordyline sp.| Coleus sp. |Rhoeo discolor
1 24.75+2.06° | 26.75+4.11° 19.00+4.25¢ 14+2.99¢ 34+2.45¢ 21+1.719
2 27.50+£3.11¢ | 47.25+5.12¢ | 24.00+11.14¢ | 16+2.65% 43+5.06% 27+5.68
3 31.00+1.41% | 64.75+9.11% | 25,50+18.85% | 21+2.99% 66+7.62% 40+10.21®
4 33.50+1.91% | 58.00+4.69° | 24.75+14.94 | 25+0.58? 70+5.352 4248.54?
5 25.25+1.50¢ | 35.75+2.50¢ | 23.00+6.02¢ 16+2.63° 52+13.50¢ 29+1.26°
6 28.00+1.83¢ | 50.75+5.91°¢ | 22.75+13.11¢ | 20+2.89% 40+3.86% 25+1.26%
7 31.50+1.29% | 63.75+4.57% | 23.50+18.34% | 20+2.36P 57+16.24° 36+6.60°
8 33.50+0.582 | 65.75+4.03% | 26.75+17.912 | 23+0.82% | 59+10.08% 37+7.48®

T1 =control, T2 =standard media + fertilizer, T3 = food waste compost, T4 =food waste compost
+ < 20% fertilizer, T5 = biochar, T6 = biochar + < 20% fertilizers, T7 = biochar + food waste compost,
T8 = biochar + food waste compost + < 20% fertilizer. Means followed by the same letter within a
column are not significantly difference (p < 0.05). Mean =+ Standard deviation

All plants showed significant differences in total biomass after the four-month
observation. The higher total biomass indicates a good plant growth performance
because the plants received the optimum requirements of nutrients. The highest total
biomass was found in Treatment 8 (biochar + food waste compost + < 20% fertilizer)
(62.50 g), followed by Treatment 3 (food waste compost) (52.50 g) and Treatment 7
(biochar + food waste compost) (52.50 g), and Treatment 4 (food waste compost
+ < 20% fertilizer) (47.50 g). Coleus showed the highest reading in total biomass among
the species (Table 4).

Effect of soil amendments on physiological response

The chlorophyll content showed a positive increment after the four-month
observation in all treatments. From the results, palm lily had the highest chlorophyll
content between species and Treatment 3 (food waste compost) had the highest
chlorophyll content among the treatment (Fig. 1a). Moreover, there was no significant
interaction between species and treatment on the chlorophyll contents.
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Table 4. Effect of soil amendments on the total biomass of Cordyline sp., Coleus sp. and
Rhoeo discolor

Treatment Total biomass (g)

Cordyline sp. Coleus sp. Rhoeo discolor
1 11.25+6.29°¢ 10.00 £ 0.00 ¢ 13.75+7.50°¢
2 12.50+5.00° 30.00+0.00° 27.50+ 15.00 ®
3 26.25+4.782 52.50+17.082 48.75+33.26 2
4 38.75+13.152 4750+9.572 50.00 +£14.14 2
5 10.00 + 0.00 be 15.00 + 5.77 be 18.75 + 2.50 b¢
6 13.75+ 4.79 be 30.00 + 11.55 b¢ 17.50 + 9.57 b¢
7 23.75+4.792 52.50+12.582 37.50+9.572
8 33.75+6.292 62.50 £ 9.57 @ 36.25+18.87 2

T1 =control, T2 =standard media + fertilizer, T3 =food waste compost, T4 = food waste compost
+ < 20% fertilizer, T5 = biochar, T6 = biochar + < 20% fertilizers, T7 = biochar + food waste compost,
T8 = biochar + food waste compost + < 20% fertilizer. Means followed by the same letter within a
column are not significantly difference (p < 0.05). Mean + Standard deviation

The photosynthetic rate, stomatal conductance and transpiration rate of each plant
species showed much affected by different treatments. The photosynthetic rate of each
plant species showed a significant difference after the four-month observation where
Treatment 4 (food waste compost + < 20% fertilizer) had a highest photosynthetic rate
among treatments. Each species showed a significant interaction effect on
photosynthetic rate where Treatment 4 (food waste compost + < 20% fertilizer) in
coleus was the significant highest reading among the species.
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Figure 1. Effect of different treatments on (a) chlorophyll content (b) photosynthetic rate, ()
stomatal conductance, (d) transpiration rate and (e) water use efficiency after the four-month
observation for each plant species. Each data item represents the mean of replicates and the vertical
bar represents the standard deviation. T1 = control, T2 = standard media + fertilizer, T3 = food
waste compost, T4 = food waste compost + < 20% fertilizer, TS = biochar, T6 = biochar + < 20%

fertilizers, T7 = biochar + food waste compost, T8 = biochar + food waste compost + < 20%
fertilizer. Means followed by the same letter are not significantly difference (p < 0.05)
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The increasing in stomatal conductance indicated the good and well plant
characteristics meanwhile high transpiration rate indicated the excessive water
discharge rates at plants. The results showed that there was a significant species and
treatment effect on the stomatal conductance and also the transpiration rate. The results
indicate that Treatment 4 (food waste compost + < 20% fertilizer) in coleus lost the
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greatest amount of water through high transpiration and stomatal conductance, followed
by Treatment 3 (food waste compost) and Treatment 8 (biochar + food waste compost
+<20% fertilizer) (Fig. 1 c, d). From the results, a significantly higher water use
efficiency (WUE) was found in the Treatment 2 (fertilizer) in coleus while the lowest
reading was recorded for the Treatment 5 (biochar) in palm lily (Fig. 1e). The WUE is a
response between the photosynthetic and transpiration rates, where a high WUE was
indicated by a high photosynthetic and low transpiration rate.

Effect of soil amendment on soil ph, total nitrogen and organic matter for each plant
species

The overall plants species in all treatments have a significant increment in soil pH
after the four-month observation. Treatment 5 (biochar) in both coleus and boat lily
showed the highest reading (7.83) in soil pH respectively. The results also showed that
there were significantly species and treatment effect on the soil pH. Based on the
results, there were a significant species on the soil pH which are coleus was the
significant highest among the species.

The application of soil amendment gives a significant increment reading in Total
Nitrogen which lead by Treatment 4 (food waste compost + < 20% fertilizers) in palm
lily meanwhile the least significant total nitrogen was in Treatment 5 (biochar) for
coleus. The results in Table 5 also showed that there was no significant treatment and
species effect on the total nitrogen.

Table 5. Effect of soil amendments on the soil pH and total nitrogen for Cordyline sp.,
Coleus sp. and Rhoeo discolor

Treatment Soil pH Total nitrogen (%)
Cordyline sp. | Coleus sp. | Rhoeo discolor | Cordyline sp. | Coleus sp. | Rhoeo discolor
1 7.56+0.09*° |7.61+0.16*°| 7.61+0.16 0.29+0.20° |0.18+0.01° | 0.40+0.00°
2 7.36+0.10% |7.45+0.08%| 7.45+0.09% 0.29+0.01%® |0.294+0.05%| 0.13+0.02%
3 7.21£0.13% | 7.32+0.10°| 7.32+0.10° 0.50+0.21% |0.20+0.07% | 0.33+0.18?
4 7.30£0.25% |7.68+0.17%¢| 7.68+0.17% 0.43+0.01* |0.37+0.03% | 0.27+0.23?
5 7.61+0.23% | 7.83+0.222 | 7.83+0.22? 0.26+0.11%* |0.11+0.04%*| 0.40+0.17®
6 7.54+0.27% |7.56+0.10%| 7.56+0.10% 0.24+0.16%® |0.30+0.02%| 0.20+0.02%
7 7.62+0.23% |7.76+0.14%| 7.76+0.14%® 0.28+0.01% |0.26+0.09%| 0.39+0.14%®
8 7.37+0.12¢ | 7.49+0.159| 7.45+0.24¢ 0.37+0.13%® |0.14+0.01*| 0.33+0.03®

T1 =control, T2 =standard media + fertilizer, T3 = food waste compost, T4 = food waste compost
+ < 20% fertilizer, T5 = biochar, T6 = biochar + < 20% fertilizers, T7 = biochar + food waste compost,
T8 = biochar + food waste compost + <20% fertilizer. Means followed by the same letter within a
column are not significantly difference (p < 0.05). Mean + Standard deviation

In general, organic matter was affected by the soil amendments throughout the
observation. Based on the result, the significant highest organic matter was found in
Treatment 8 (biochar + food waste compost + < 20% fertilizers) in coleus (2.13%) and
the least organic matter was in Treatment 1 (control) in boat lily (0.53%). The results
also showed that there was a palm lily has the highest significant of organic matter
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among the species (1.98%). Besides, there was no significant interaction between
species and treatment effect on soil organic matter (Table 6).

Table 6. Effect of soil amendments on organic matter for Cordyline sp., Coleus sp. and
Rhoeo discolor

Organic matter (%)
Treatment - -
Cordyline sp. Coleus sp. Rhoeo discolor
1 0.99 + 0.53% 0.71+0.01% 0.53 £ 0.08
2 0.62+0.19° 0.56 +0.33¢ 0.58 +£0.37¢
3 1.58 + 0.22% 1.05 + 0.02% 1.25 £ 0.50%
4 1.78 £ 0.472 1.67 £0.242 1.15+ 0.502
5 1.78 £ 0.47%® 1.07 £0.62% 0.67 + 0.25%
6 1.30 + 0.30% 1.52 £ 0.12% 0.91+0.13%
7 1.98 + 0.40? 1.93 + 0.45? 1.00 + 0.622
8 1.85 + 0.642 2.13+1.02% 0.90 + 0.602

T1 =control, T2 = standard media + fertilizer, T3 = food waste compost, T4 = food waste compost
+ < 20% fertilizer, T5 = biochar, T6 = biochar + < 20% fertilizers, T7 = biochar + food waste compost,
T8 = biochar + food waste compost + < 20% fertilizer. Means followed by the same letter within a
column are not significantly difference (p < 0.05). Mean =+ standard deviation

Correlation between photosynthetic rate and plant height

The photosynthetic rate and plant height were significantly correlated (R = 0.5536;
Fig. 2), the higher the photosynthetic rate, the higher the plant heights.
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Figure 2. Correlation between photosynthetic rate and plant height

Correlation between plant growth and soil properties

The correlation studies between plant growth and soil properties parameters showed
that the plant height was significantly correlated with the number of leaves, total
biomass and organic matter (Table 7). However, there was no correlation was observed
between plant height with both soil pH and total nitrogen. In addition, the number of
leaves is significantly correlated with total biomass and the number of leaves only
meanwhile the total biomass only has a significant correlation with soil pH.
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Table 7. Correlation analysis deduced between plant growth and soil properties using
Pearson’s correlation

Parameter Plant height | Number of leaves | Total biomass Soil pH Total nitrogen | Organic matter
Plant height - 0.834** 0.571** -0.024 -0.019 0.255*
Number of leaves - 0.615** 0.118 -0.078 0.078
Total biomass - -0.203* 0.111 0.128
Soil pH - -0.174 -0.072
Total nitrogen - 0.114
Organic matter

“Significant at 0.01 level
*Significant at 0.05 level

Discussion

In general, the plant growth and soil properties were much affected by the soil
amendments in a four-month observation. The best treatment was found to be
combination of biochar and food waste compost and the best plant growth was exhibited
by coleus.

In monitoring the growth performance of each plant species, several growth
characteristics were observed such as plant height, number of leaves and total biomass.
The growth performance showed that coleus. in Treatment 8 (biochar + food waste
compost +<20%) and Treatment 4 (food waste compost +<20% of fertilizers)
exhibited the highest reading in plant height and number of leaves. The compost effects
have succeeded in increasing plant growth due to its higher cation-exchange capacity
(CEC) and base saturation (BS) as well as providing Nitrogen (N) and Phosphorus (P)
which useful for plant growth. In addition, cation and anion which contained in food
waste compost treatments have an imbalance contents between NH4* and NOs™ which
may be a potential cause for increasing the plant growth (Schulz and Glaser, 2012).

Other than that, the total biomass of coleus in Treatment 8 (biochar + food waste
compost + < 20% of fertilizers treatment) was the highest reading among the species.
This was in line with (Schulz et al., 2013), in which the addition of composted biochar
significantly increased the plant height and above-ground biomass. Biochar can act as a
soil conditioner that increases the soil’s nutrient deposition capacity (Miranda et al.,
2017), enhances and maintains nutrients in the soil, hence will improve the plant
growth. In addition, the potential of biochar as a source of nutrients can be depending
on feedstock and temperature of pyrolysis where the lower pyrolysis temperatures may
increase the availability of nitrogen (N) and phosphorus (P) (Yuan et al., 2019) besides
reduces the N2O emissions, while higher pyrolysis temperatures may increase potassium
(K) availability (Ding et al., 2016). Furthermore, nutrients in compost contribute to
increase in stem height, thus enhance the plant growth performance (Mensah and
Frimpong, 2018). Despite a low reading of plant height in boat lily, it showed
considerable increased in number of leaves especially in Treatment 3 (food waste
compost) and Treatment 4 (food waste compost + less 20% of fertilizers) because of
increase in nitrogen contents in these treatments.

The highest reading chlorophyll content was shown by coleus in Treatment 3 (food
waste compost). Besides, the right combination of biochar, compost, and fertilizer
significantly increased the total chlorophyll content of the species studied compared to
the use of fertilizers alone. The use compost alone increased the chlorophyll content but
by the combination of biochar, compost and fertilizer also increased the chlorophyll
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content for each species. The organic amendment in soil increases the nutrients and
water content in soil, thus restricting in increase of chlorophyll content and the plant age
(Agegnehu et al., 2016).

The stomata play an important role in the process of photosynthesis and
transpiration. Stomata is a small pore beneath the surface of the leaves which mostly
allow air (CO.) to enter and allow water (H20) and oxygen (O2) to come out.
Photosynthesis is a process that plants produce food and energy. Based on the results in
this study, the coleus has large pores which cause photosynthetic and transpiration to
occur more efficiently. The midday stomatal closure occurs due to the effects of low
atmospheric humidity as well as from water pressure and high temperature. Stomata
tend to adjust regularly to maintain photosynthesis to transpiration ratio is and then
increased the water use efficiency (WUE) (Noor and Harun, 2004).

In addition, the highest increment of photosynthetic rate and transpiration rate in
coleus suggested that its roots absorb water and nutrients directly from the soil more
efficiently as compared to other species. coleus has the highest reading water use
efficiency (WUE) shows the ability of the species to store the water. The highest water
use efficiency (WUE) in palm lily compared to coleus and boat lily may be caused by
mesophyll ratio of surface cells to the surface of the leaves might increase the WUE by
increasing photosynthesis more than an increased transpiration (Noor and Harun, 2004).
Furthermore, plant mortality will result in the reduction of both rates of photosynthesis
and transpiration. The old leaves have a low rate of photosynthesis and transpiration
compared to the younger leaves (Mensah and Frimpong, 2018). Thus, the application of
biochar and compost with fertilizer contributes to the higher chlorophyll content and
number of leaves, consequently result in higher of photosynthetic rate (Hidayati and
Anas, 2016).

This study found that the soil pH of all treatments and species mostly tends to be
neutral around 7-7.5 after four months of observation. The application of soil
amendments showed the decrement reading in soil pH, which may be due to the acidic
materials produced from the oxidation and decomposition of organic matter in the soil
(Senesi and Plaza, 2007; Dias et al., 2010). The formation of the acidic functional
groups can neutralize alkalinity and eventually decrease soil pH (Xiang-Hong et al.,
2012).

Accumulation of high Soil Organic Carbon (SOC) in biochar can increase total
nitrogen and finally, resulting in increases of crop production. Moreover, both biochar
and compost have significantly contributed higher total nitrogen after harvest compare
to control (Schulz et al., 2013) but too much of total nitrogen also contributed in
slowing the maturity of the plant. In addition, loss of the total nitrogen on the soil may
be caused by several factors such as the use of the plant itself or microorganisms and
also carried by rainwater (EI-Sharkawi, 2012).

Soil organic matter is a major factor in determining the fertility of soil. It supplies
energy for microbial biomass activity (Schniirer et al., 1985), provides nutrients for
crops and improves the physical properties of the soil (Six et al., 2002). Organic matter
in soil can be affected by treatments where higher values can be indicators of improving
soil fertility. Biochar has the potential to affect microbial biomass and composition and
the microbes are also able to change the properties of biochar (Lehmann et al., 2011).
The porous nature of biochar because of its high surface area and its ability to adsorb
soluble organic matter and inorganic nutrients, biochar provides a suitable habitat for
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microbes (Lehmann et al., 2011). In addition, high amount of organic matter in compost
increased organic carbon in the soil.

The photosynthetic rate and plant height has shown a positive correlation indicating
that the increases of the carbon dioxide absorption and light trapping have contributed
to the higher photosynthetic rate and then enhance the plant height. Chlorophyll green
pigments in chloroplasts of the leaves of the plants are one of the photosynthetic
pigments that play a key role in absorbing solar energy (Vasconcelos et al., 2017).

Conclusions

The application of soil amendments can improve soil fertility and plant growth
performance together with fertilizer. In this study, the application of food waste
compost and biochar in coleus showed the best performance in the plant growth
including the number of leaves, chlorophyll contents, photosynthetic rate, stomatal
conductance, transpiration rate, water use efficiency (WUE) and total biomass.

Similarly, higher values of soil pH, amounts of total nitrogen, and organic matter
content were observed in food waste compost and biochar treatment. It is evident that
the combination effect of biochar and food waste compost either biochar alone or
compost alone contributed the positive effect on plant growth performance as well as
soil properties. Based on the overall result, the use of food waste compost and biochar
have potential to be used to improve the quality of soil.
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