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ABSTRACT

Amorphophallus muelleri Blume, locally called lles-iles or porang, has become a new
commercial commodity in Indonesia. The tuber, as the most economic value, contains high
glucomannan a long-chain carbohydrate widely used in the food, beverage, and medicine
industries. It has been speculated that the high variation in yield among the farmers is due
to different planting materials origin and soil organic carbon (SOC) content. This research
was carried out to evaluate the growth and yield of A. muelleri from other planting materials
origin and the levels of SOC. The research was carried out at IPB Experimental Station,
Leuwikopo Bogor, Indonesia from December 2021 to August 2022, using a nested design, The
main plot was the level of SOC (2, 3, 4, and 6%), and the sub-plot was planting material
origins (seeds, bulbils, and tubers from leaf cuttings). Results showed that SOC status
determined growth and yield. where it significantly affected plant height, stem diameter, leaf
number, canopy width, bulbils number, corm fresh weight, and corm diameter. The SOC at a
level of 6% stimulated the highest plant growth and yield. Planting materials also
determined the growth and yield of A. muelleri. Plants originating from bulbils produced the
highest yields, followed by tuber from leaf cuttings and seeds. It is recommended to plant
bulbils accompanied by maintaining SOC at a level of 6%.

Keywords: Bulbils; glucomannan; iles-iles; leaf cutting; porang

INTRODUCTION

Amorphophallus muelleri Blume syn A. oncophyllus is a member of the Araceae. In
Indonesia, it is known as iles-iles, porang, or coplok (East Java) and lotrok (Yogyakarta)
(Sugiyama & Santosa, 2008). The porang plant is native to Indonesia and has long been
known and used by the community for generations (Saleh et al, 2015). One of the
characteristics that differentiates porang from other species is the rhombus-shaped spots
on the stem and the presence of aerial bulbils in the leaf veins and midribs (Indriyani &
Widoretno, 2016). Currently, porang has been cultivated commercially to produce
glucomannan, a long-chain carbohydrate widely used in the food, beverage, and medicine
industries (Santosa, 2014). In Indonesia, A. muelleri production in 2020 reached 32,000
tons of dry tubers with an area of 19,950 ha most of which came from the Pasuruan,
Madiun, Wonogiri, Bandung, and Maros areas (IAARD, 2021).

High variation in tuber yield is the main problem occurring in cultivation, which
causes high uncertainty in farmers' income (Santosa, 2014). Many efforts have been made
to increase productivity, including using certified seeds, fertilization, irrigation, and pest
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and disease control (Santosa etal.,, 2003; Santosa etal., 2011). Even though the Indonesian
Ministry of Agriculture has issued cultivation SOPs to standardize production (Santosa,
2014), the level of productivity is still below expectation. According to Sugiyama and
Santosa (2008), the potential yield of A. muelleri reaches 40 tons of fresh corm per hectare.
Still, according to Santosa et al. (2003), the average productivity at the farmer level is only
6-10 tons ha'.

According to Sugiayama and Santosa (2008), the main factor in determining A.
muelleri yield is the size of the tubers at planting, where tubers measuring > 100 g can
provide high production with a harvest age of less than three years. Nevertheless, the
attainment of planting material of such size is not easy because of the high price and
limited availability in the market. As a result, many farmers produce seeding to obtain
desirable sizes of propagates using various planting materials (PM) such as seeds, bulbils,
tuber skin, and leaf cuttings (Santosa, 2014). Although many studies have been carried out
to produce propagation material (Santosa et al., 2016a; 2016b; Hidayah et al., 2018; Sari
et al,, 2019), studies comparing the growth of A. muelleri plants from various planting
materials are still limited.

Soil organic carbon (SOC) status in the soil is often a limiting factor in the
productivity of tuber crops such as cassava (Anwar et al.,, 2023) and taro (Alghifari et al,,
2023). From an ecological perspective, there have been many studies on the role of SOC in
ensuring soil physical, biological, and chemical fertility and maintaining nutrient balance
and soil pH stability (Darma et al., 2020). However, there is still no research regarding the
role of SOC in supporting A. muelleri cultivation, which is more resilient to climate factors
and precision cultivation. This research aimed to evaluate the growth and yield of A.
muelleri from different planting materials and levels of SOC. The implications of SOC on
the resilience of A. muelleri to climate change and precision cultivation are also discussed.

MATERIALS AND METHODS

Research site

The research was conducted from December 2021 to August 2022 at IPB
Experimental Station in Leuwikopo Darmaga, Bogor, Indonesia (-6.549398N,106.71615E;
218 m above sea level). During the study, the average monthly rainfall was 260.7 mm (the
highest was June, 463.7 mm, and the lowest was January, 106.6 mm). The number of rain
days within a month ranged from 20 to 31, meaning the experiment occurred during the
rainy season.

The soil in the research location is Latosol type. The soil had 1.79% organic-C, 0.22%
total nitrogen, 0.53 ppm available phosphorus, 69.71 ppm total phosphorus, 13.94 ppm
total potassium, cation exchange capacity 14.41 cmol kg1, and pH 4.84.

Research design

The experiment used a nested design consisting of two factors and three replications.
The first factor was SOC level (2%, 3%, 4%, 6%). The second factor was various types of
planting material (seeds, bulbils, and corm from leaf cuttings-CLC).

The research started with preparing the planting material (PM). Seeds were obtained
from 3-year-old plants harvested after the berries turned red. Bulbils were obtained from
2-year-old plants. Corm from leaf cuttings (CLC) was obtained by seeding leaflet cuttings
for about six months before the research was conducted. The leaflet cuttings were
obtained from 2-year-old plants. The stages of preparing planting material are shown in
Figure 1.

Soil sample for analysis was collected before land preparation. The land was plowed
with a tractor, and then a raised bed was made as high as 15 cm, 100 cm wide, and 400 cm
long. Cow manure was spread according to the SOC treatment levels, and NPK 15-15-15
fertilizer was applied side dressing at a dose of 150 kg hal. After spreading the manure
and NPK, the beds were covered with black plastic mulch. The beds were then incubated
for two weeks before planting.
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Figure 1. Procedures to obtain planting materials used in this study.

To obtain the soil status of 2%, 3%, 4%, and 6% SOC as treatments, the manure was
added following the procedure of Alghifari et al. (2023). Cow manure had about 37.64%
organic-C, 2.77% total nitrogen, 0.95% total phosphorus, and 0.34% total potassium, with
a pH of 7.62. The amount of manure added to the soil was based on the assumption that
the soil weight per hectare as tillage layer of 2,000,000 kg, from a 20 cm cultivated top
layer, a bulk density of 1 g cm-3, and a land area of 10,000 m2. Based on these assumptions,
the amount of manure added is presented in Table 1.

Table 1. Amount of goat manure added to soil to obtain a particular level of soil organic

carbon.
Soil organic level Original SOC Balance SOC Amount of manure added
(S0Q) level (%) (ton ha-1)z
2% 1.79% 0.21 11.16
3% 1.79% 1.21 64.29
4% 1.79% 2.21 117.43
6% 1.79% 4.21 223.70

Note: z organic carbon content 37.64%

Planting was carried out when the bulbils and tubers from the leaf cuttings had
sprouted while planting material from seeds had been germinated and had one leaf with
an average height of 12 cm. The planting distance was 50 cm x 50 cm x 50 ¢cm, with one
PM per planting hole. Thus, one planting bed contained 16 plants. Each replication
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consisted of three beds. The bed measured 1 m x 4.5 m and the distance between the beds
was 50 cm.

Plant growth analysis

Growth observations included plant height, petiole diameter, canopy width, leaf
number, and shoot number. Plant height was measured from the soil surface to the
tripartite branch, while a caliper measured petiole diameter. Petiole diameter was
measured at the base of the petiole 5 cm from the ground using a caliper, 12 weeks after
planting (WAP). The width of the leaf canopy was measured horizontally when the leaves
were fully grown, from the left to the right side. Number of leaves was counted from the
time the plant grows to dormancy. The number of shoots per plant was calculated from
the number of active buds.

Production observations included the number of bulbils and corm size (fresh weight
and dry weight, diameter, and height of the corm). The bulbil number per leaf was
calculated from the last standing leaf when the leaf had senesced. The fresh weight of the
corm was measured using a digital scale after the corms were cleaned from the soil with
the skin intact. The dry weight of the tubers was measured after the corms were oven-
dried at 65 °C for 1.5 x 24 hours. Sampling 100 g of fresh tubers were sliced with a
thickness of 1 cm. Corm diameter was measured at the widest part after cleaning from
adhering soil. The height of the corm was measured using a ruler from the bottom to the
highest position.

Physiological analysis

The observed physiological characteristics of the plant included the level of leaf
greenness, leaf pigment content, and photosynthetic rate. Measuring the green level of
leaves using a SPAD tool (Hitachi, Japan) was carried out on leaves at 12 WAP that fully
expanded at 10.00 a.m.

Chlorophyll and anthocyanin contents were measured using a spectrophotometer
following the method of Sims and Gamon (2002). Briefly, 1 g fresh leaf sample was ground
using a mortar, and 1 mL of acetone was added, then put into a measuring flask and added
up to 5 mL of acetone. The sample was then centrifuged at 14,000 rpm for 10 seconds. The
supernatant was taken out carefully, and the absorbance was measured using a
spectrophotometer (A 470, 537, 647, and 663 nm). The anthocyanin and chlorophyll
contents were estimated using the formula:

Anthocyanin =0.08173*A537 - 0.00697*A647-0.002228*A663
Chlorophylla  =0.01373*A663 - 0.00897*A537-0.003046*A647
Chlorophyllb ~ =0.02405*A647 - 0.04305*A537-0.005507*A663

Photosynthesis, stomatal conductance, and transpiration rates were measured using
a LICOR 6400 (LICOR, USA). Measurements were taken when the leaves had fully
expanded, and bulbils appeared (Fan et al., 2019; Khalil et al., 2019; Mereb et al., 2020).

Statistical analysis

The data obtained were analyzed using analysis of variance (ANOVA). The
differences between treatments were then subject to further analysis using the Least
Significant Difference Test (LSD).

RESULTS AND DISCUSSION

Analysis of variance

Eight of the 14 variables were significantly influenced by SOC or PM treatment (Table
2). The amount of chlorophyll (a, b, and total a+b), anthocyanin, carotene, and
photosynthetic rate was not significantly influenced by either SOC and PM treatments or
the SOCxPM interaction. Table 2 shows that the significant influence of the SOCxPM



Sudoyo et al. / Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 52(1), 130-140 134

interaction was found in 6 variables: plant height, stem diameter, leaf number, leaflet
numbers, tuber wet weight, and tuber diameter.

Plant height and leaf size

Plant height was strongly influenced by the SOCxPM interaction (Table 2). The best
combination to encourage plant height was bulbils and 6% SOC (Table 3). The higher the
SOC level stimulated the higher the plants. On the other hand, plants from seeds and CLC
did not show a consistent pattern of influence with increasing SOC levels. This finding
differs from Xanthosoma undipes, where Alghifari et al. (2023) reported a constant
increase in plant height with increasing SOC. The role of SOC in increasing plant height is
most likely related to increased nutrients with increasing doses of cow manure added.
According to Biratu et al. (2018), manure is a source of essential nutrients, especially NPK.

Table 2. Recapitulation of results of various types of influence of organic C and planting

material.
F-test

Variables Soil organic carbon Planting SOCx PM cv

(S0Q) material (PM) (%)
Plant height ok ok ok 18.41
Stem diameter ok ok ok 15.80
Number of leaves ok ok ok 21.21
Number of leaflets ns ok ok 10.05
Leaf canopy width ok ok ok 19.46
Number of bulbils ok ns ok 15.21
Corm fresh weight ok ok ok 21.02
Corm diameter ok ok ok 14.74
Chlorophyll a ns ns ns 16.29
Chlorophyll b ns ns ns 18.16
Total chlorophyll ns ns ns 16.72
Anthocyanin ns ns ns 20.16
Carotene ns ns ns 14.74
Photosynthetic rate ns ns ns 7.81

Note: **Significant effect at a=1%, ns-non significant at a=5%; CV = coefficient of variation. For the
variables number of leaflets, number of bulbils, and corm fresh weight use square root
transformation data, i.e. vVx + 0.5

Generally, plant height came from bulbil > CLC > seed at 4% and 6% SOC (Table 3).
At 2% and 3% SOC, there was a tendency for plants from seeds to have the lowest height
compared to other PMs. The height variation among PMs is probably due to differences in
weight among PMs. The tuber weight at planting determines plant height (Santosa et al,,
2011; Rosdiana & Santosa, 2019). According to Santosa et al. (2016c), bigger planting
material produces bigger and taller leaves. In the present experiment, each kilogram of
seeds, bulbils, and CLC contained 2000, 25, and 50 propagules, respectively, thus on
average a bulbil was 40 g and a CLC was 20 g.

Table 3 shows that the response of stem diameter to SOC and PM treatments was
similar to that of the plant height. Such an identical response is probably because plant
height and stem diameter have a high correlation as stated by Santosa et al. (2003). Plants
originating from bulbils had a higher diameter than those arising from seeds in all SOC
treatments. In contrast, plants originating from CLC were not significantly different from
those deriving from bulbils at all SOC levels (Table 3).

For all planting materials, 6% SOC encouraged plants to have larger stem diameters
than 2% SOC (Table 3). Increasing SOC levels as a result of manure application, hence
increasing nutrient supplements to the soil. In other words, cow manure is a good source
of nutrients (Biratu et al., 2018).
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SOC treatment had a very significant effect on increasing the width of the leaf canopy
(Table 3). Higher SOC levels stimulated plants to have wider canopy. Bulbil planted at 6%
SOC had the widest leaf canopy (63.37 cm) compared to other PMs, especially at 2% SOC.
This is in line with the research results of Saefudin et al. (2021) that the bulbil size
significantly affects petiole length.

Table 3. Plant height of Amorphophallus muelleri from different soil organic carbon
(SOC) and planting material at 24 weeks after planting.

. . SOC (%)

Planting material > 3 2 3 Average

Plant height (cm)
Seed 29.33ef 17.24g 24.20fg 36.68c-¢ 26.86
Bulbils 33.11d-f 41.44cd 53.87ab 62.36a 47.69
CLC 33.89c-f 43.78b-d 42.72b-d 45.69bc 41.52
Average 32.11 34.15 40.26 48.24

Petiole diameter (cm)

Seed 0.91de 0.56e 1.02d 1.47bc 0.99
Bulbils 1.52bc 1.63abc 1.51bc 2.01a 1.67
CLC 1.28cd 1.82ab 1.64abc 1.72ab 1.61
Average 1.24 1.34 1.39 1.73

Canopy width (cm)
Seed 33.22de 23.61de 40.81bcd 42.27bcd 34.97
Bulbils 42.33bcd  44.78bcd 52.41ab 63.37a 50.72
CLC 37.44cde 44.22bcd  35.68cde 47.62bc 41.24
Average 37.66 37.53 42.96 51.08

Note: CLC, Corm of leaflet cutting. Values followed by similar alphabets are statistically insignificant
different at LSD test a=0.05.

Leaf characteristics and photosynthesis

The number of leaves and leaflets was significantly influenced by the SOCxPM
interaction (Table 1). The highest number of leaves was produced by PM of CLC at 4% SOC
(Table 4). Without considering the planting material, increasing SOC levels up to 4%
increased the number of A. muelleri leaves. The findings differ from research on
Xanthosoma undies (Alghifari et al., 2023) and A. muelleri (Sari et al., 2019). According to
Sari et al. (2019) bigger cow manure treatment increases the number of Amorphophallus
muelleri leaves. The cause of leaf number being less responsive to SOC 6% in present
research is still unclear.

Table 4. Leaf and leaflet number of Amorphophallus muelleri from different soil organic
carbon (SOC) and planting materials at 24 weeks after planting.

. . SOC (%)
Planting material (PM) > 3 4 6 Average
Leaf number
Seed 1.0b 1.3b 1.1b 1.7b 1.2
Bulbils 1.4b 1.0b 1.1b 1.0b 1.1
Corm of leaflet cutting (CLC)  2.5b 2.2b 4.4a 2.6ab 2.9
Average 1.0 1.0 2.0 1.0
Leaflet number per leaf
Seed 6.4g 7.0e-g  10.1c-g 12.4b-d 89
Bulbils 8.7defg  10.4c-f  14.4b 21.2a 13.7
Corm of leaflet cutting (CLC)  6.6fg 10.6b-e  9.6c-g 13.4bc 10.1
Average 7.0 9.0 12.0 16.0

Note: Values followed by similar letters are insignificantly different at LSD test a=0.05.
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PM from seeds and bulbils produced fewer leaves in the 6% SOC than in the 2% SOC
treatment (Table 4). Visual field observations indicated plants from seeds and bulbils
tended to dormant earlier than those from CLC at 24 WAP. Santosa et al. (2014) stated
that dormancy in A. muelleri plants could be delayed by KNOs application. Further
research is needed on why plants originating from CLC postponed dormancy.

Different planting materials had different abilities to produce leaves (Figure 2).
Plants from CLC had more than one leaf at the end of the observation. At planting, seeds
and bulbils had a single shoot, while CLC had more than one main shoot. Usually, each A.
muelleri corm has a single active bud (Santosa et al., 2016b). However, Santosa et al.
(2016a) stated that damaging the main growing bud due to disease or physical
disturbance will encourage the growth of axillary buds, resulting in more than one active
bud or shoot.

Interestingly, the CLC buds or shoots did not show any signs of damage. It is
speculated that tubers of CLC have physiological abnormalities that stimulate the growth
of more shoots. Further research is needed to evaluate factors affecting the CLC
production of more than one active bud.

Figure 2. Number of leaves from different planting materials (PM). A-PM of seed, B-PM of
bulbil, C-PM of corm of leaflet cutting.

The number of leaflets was significantly influenced by the SOCxPM interaction (Table
2). Generally, the higher SOC level stimulated a greater leaflets number of all PM. The
highest number of leaflets was plants of bulbils grown in 6% SOC. According to Sugiyama
and Santosa (2008), the leaf size influences the number of leaflets, where the bigger the
leaf the more the number of leaflets produced. In this study, plants from bulbils with a SOC
of 6% had the largest canopy width, as shown in Table 3. This means that planting bulbils
on land with a 6% SOC level encouraged bigger leaves with more leaflets.

SOC treatment did not significantly increase chlorophyll contents (a, b, total),
anthocyanins, carotene, and photosynthesis rate (Table 5). The absence of these
differences, especially from the SOC treatment, indicated that the application of manure
fertilizer did not affect those variables. According to Sugiyama and Santosa (2008), A.
muelleri is a recently domesticated plant that has not undergone a significant genetic
change. Thus, photosynthetic components may be less affected by various nutrient
conditions. There have been many photosynthesis studies in the genus Amorphophallus
under the influence of shade (Santosa et al.,, 2003; Supriyono et al., 2022). However,
physiological studies on photosynthesis related to fertilization and SOC are rarely carried
out on A. muelleri.

Bulbils and corm yield

The number of bulbils per leaf was significantly influenced by SOC status, not
planting material (Table 6). The higher SOC level produced a higher number of bulbils. On
average, 6% SOC encouraged plants to have the highest number of bulbils (2.55 units),
compared to 2% (1.25 units). According to Sugiyama and Santosa (2008), the number of
bulbils depends on the number of leaf veins, canopy width, and plant age. In general,
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increasing SOC level increased leaf size (Table 3) and number of leaflets (Table 4), which
explains why increasing SOC increased the number of bulbils.

Table 5. Pigments and photosynthetic rate of Amorphophallus muelleri from different soil organic carbon (SOC)
and planting materials at 12 weeks after planting.
Pigment content (mg g1) Photosynthetic rate
Treatment Chl-a Chl-b  Total Chl  Anthocyanin  Carotene (umol COz m2 s1)
SOC level
SOC 2% 1.26 0.42 1.68 0.05 0.47 29.16
SOC 3% 1.43 0.48 1.91 0.05 0.49 29.71
SOC 4% 1.23 0.41 1.63 0.04 0.42 31.65
SOC 6% 1.28 0.42 1.65 0.04 0.43 31.77
Planting material (PM)
Seed 1.23 0.41 1.64 0.04 0.43 29.45
Bulbils 1.30 0.44 1.74 0.04 0.46 31.30
CLC 1.33 0.44 1.77 0.05 0.48 30.96

Note: Values followed by similar alphabets are statistically insignificant different at LSD test «a=0.05.

Table 6. Bulbil numbers, corm fresh weight, and corm diameter of Amorphophallus
muelleri from different soil organic carbon (SOC) and planting materials at 24
weeks after planting.

Planting SOC (%)
material (PM) 2 3 4 6 Average
Number of bulbils per leaf

Seed 1.0 1.0 2.1 2.1 1.5
Bulbils 1.3 2.3 3.2 3.4 2.5
CLC 1.4 1.6 2.1 2.1 1.8
Average 1.0 2.0 2.0 3.0

Corm fresh weight (g)
Seed 31.66f 65.20ef 185.24d-f 311.28b-e 148.43
Bulbils 514.71b 359.99b-d 464.44bc  932.11a 567.81
CLC 194.70c-e  484.02b 388.12b-d  479.60b 386.61
Average 247.02 303.07 345.93 574.33

Corm diameter (cm)
Seed 3.92g 4.85fg 7.49¢ 8.74b-e 6.25
Bulbils 10.21bc 9.65b-d 10.74b 13.70a 11.07
CLC 6.71ef 8.12c-e 7.95de 8.55c-e 7.83
Average 6.94 7.54 8.72 10.33

Note: Values followed by similar alphabets are statistically insignificant different at LSD test a=0.05.

SOC treatment significantly affected the average corm fresh weight whereas plants
from CLC treated with 6% SOC produced a lower weight than those from bulbils (Table 6).
However, plants from CLC had bigger corm numbers because each plant produced more
than one tuber (Figure 3). It should be noted that planting bulbils resulted in the highest
corm fresh weight. Previously, Sumarwoto (2005) mentioned plants from bulbils produce
100-200 g of corm in one growing period. In the present study, the corm produced was
bigger than those reported by Sumarwoto (2005), i.e., more than 350 g in all SOC
treatments. Thus, maintaining SOC during A. muelleri growth is essential because,
according to Sugiyama and Santosa (2008), corm size development continues to increase
until the plant goes dormant.
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Figure 3. Typical corm shape and number per plant from different planting materials
(PM). A-PM of seed; B-PM of bulbil; C-PM of corm of leaflet cutting (CLC). White
box size 10 cm x 10 cm x 5 cm (LxWxH).

Plants from bulbils grown in the 6% SOC had the highest corm fresh weight
compared to other treatment combinations, i.e. 932.11 g, which was almost two times
higher than similar PM grown in 2% SOC (Table 6). Plants from seeds in the 2% SOC had
the lowest corm weight, namely 31.66 g, almost 10% of the same planting material grown
in 6% SOC. These results indicate that maintaining SOC > 2% is important A. muelleri
production, mainly if planting material uses seeds. The research finding aligns with
Alghifari et al. (2023) and Afifah et al. (2014). According to Afifah et al. (2014), A. muelleri
produces larger corms if their vegetative growth is vigorous. Previously, Santosa et al.
(2003) developed an allometric equation between petiole diameter and corm weight at
harvest; the bigger petiole indicates a bigger corm weight.

SOC treatment significantly increased corm diameter (Table 6). Plants from bulbils
in the 6% SOC had the highest corm diameter, followed by those in the lower SOC content
treatment. Conversely, plants from seeds in the 2% SOC had the smallest corm yield
among the other PM and SOC treatments. The shape of the A. muelleri corm in this study
was depressed-globose, especially for planting material from seeds and bulbils, while the
corm originating from CLC tended to have a globose shape (Figure 3). Corm diameter also
reflected the weight; the larger corm diameter usually had a heavier weight. However, this
study did not observe the correlation between corm diameter and its weight.

This research shows the importance of selecting planting materials and adjusting
SOC level in cultivating A. muelleri. Plant material or propagules from bulbils showed
superiority over seeds and CLC in producing corms even at a 2% SOC (Table 6). CLC's
ability to produce more than one corm is also an interesting finding in perspective of
propagule production for subsequent farming. Planting seeds is still prospective, but
maintaining 4 to 6% SOC should be considered. However, it is worth noting that increasing
SOC is a big effort for farmers because higher SOC levels mean a larger amount of organic
material should be incorporated to farm; see Table 1 for its illustration.

Further research is required on the role of SOC content in A. muelleri on a field scale
with more diverse environmental conditions. In addition, Alghifari et al. (2023)
recommend evaluating different SOC sources for a better understanding of SOC roles such
as husk charcoal. The relationship between SOC level and soil moisture is also an
interesting study aspect to sustain A. muelleri production under climate change conditions.
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CONCLUSION

The origin of the propagules influenced the growth and yield of A. muelleri, where
plants from bulbils produced higher growth and yields than plants originating from seeds
and corm from leaf cuttings (CLC). Plants from CLC had more than one corm, in contrast
to plants from seeds and bulbils, which only produced a single corm. Thus, bulbils are
recommended for harvesting corm, while CLC is more recommended for planting for
propagating material. The growth and yield of A. muelleri were determined by the SOC
level. The 6% SOC-supported plants produced the highest fresh corm weight for both
bulbil and CLC. Field-scale testing is highly recommended to evaluate the effectiveness of
increasing SOC content commercially.

ACKNOWLEDGEMENT

Prof. Edi Santosa funded part of this research through the 2020-2022 Independent
Research Scheme. Thanks to FAO-MARDI for supporting field facilities during the research.
We also would like to thank Mr. Hariyanto, who helped prepare planting materials and
research activities in the field.

REFERENCES

Afifah, E., Nugrahani, M. O., & Getas. (2014). Prospect of iles-iles (Amorphophallus spp.) as an intercrop in hevea
plantation. (In Indonesian.). Warta Perkaretan, 33(1), 35-46.

Alghifari, A. F., Santosa, E., & Susila, D. (2023). Growth and production of beneng taro genotypes (Xanthosoma
undipes K. Koch) on different soil organic carbon. Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy),
51(1),17-26. https://doi.org/10.24831 /ija.v51i1.44975

Anwar, S., Santosa, E., & Purwono. (2023). Cassava growth and yield on ultisol of different soil organic carbon
content and NPK fertilizer levels. Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 51(3), 312-323.
https://doi.org/10.24831/jai.v51i3.47806

Biratuy, G. K, Elias, E., Ntawuruhunga, P., & Sileshi, G. W. (2018). Cassava response to the integrated use of manure
and NPK fertilizer in Zambia. Heliyon, 4(8), e00759. https://doi.org/10.1016/j.heliyon.2018.e00759

Darma, S., Ramayana, S., Sadarudin, & Supriyanto, B. (2020). Investigation of the organic C, N, P, K, and C/N ratio of
fruit plant leaves to organic fertilizer materials. (In Indonesian.). Jurnal Agroekoteknologi Tropika Lembab,
3(1),12-18.

Fan, Y. Chen, ], Wang, Z.,, Tan, T,, Li, S., Li, ]., Wang, B., Zhang, ]., Cheng, Y., Wu, X,, Yang, W., & Yang, F. (2019). Soybean
(Glycine max L . Merr.) seedlings response to shading: leaf structure photosynthesis and proteomic analysis.
BMC Plant Biology, 19, 34. https://doi.org/10.1186/s12870-019-1633-1

Hidayah, N., Suhartanto, M. R., & Santosa, E. (2018). Growth and production iles-iles (Amorphophallus muelleri
Blume) from different of cultivation techniques. (In Indonesian.). Buletin Agrohorti, 6(3), 405-411.
https://doi.org/10.29244 /agrob.v6i3.21109

IAARD. (2021). Annual report 2020. IAARD (Indonesian Agency for Agricultural Research and Development),
Ministry of Agriculture, Republic of Indonesia.

Indriyani, S., & Widoretno, W. (2016). The effect of photoperiod to break dormancy of Porang’s (Amorphophallus
muelleri Blume) tuber and growth. Research Journal of Life Science, 03(3), 166-171.

Khalil, M. K, Taha, K. F., Nesem, M. A, & Sallam, S. S. (2019). Phytochemical studies on celery (Apium Graveolens L.)
plant under using chemical fertilization, biofertilizer and thidiazuron treatments. Al-Azhar Journal of
Pharmaceutical Sciences, 59(1), 54-65. https://doi.org/10.21608/ajps.2019.64104

Mereb, E. L., Alves, F. R. R, Rezende, M. H, de Oliveira, E. ], Carvalho, R. F, & de Melo, H. C. (2020).
Morphophysiological responses of tomato phytochrome mutants under sun and shade conditions. Brazilian
Journal of Botany, 43, 45-54. https://doi.org/10.1007 /s40415-020-00584-w

Rosdiana, S., & Santosa, E. (2019). Growth and production of some candidate new clones iles-lles (Amorphophallus
muelleri Blume). (In Indonesian.). Buletin Agrohorti, 7(2), 207-214. https://doi.org/10.29244 /agrob.7.2.207-
214

Saefudin, Syakir, M., Sakiroh, & Herman, M. (2021). Effect of weight and soaking of bulbil on viability and growth of
porang (Amorphophallus muelleri Blume). (In Indonesian.). Jurnal Tanaman Industri dan Penyegar, 8(2), 79-86.


https://doi.org/10.24831/ija.v51i1.44975
https://doi.org/10.24831/jai.v51i3.47806
https://doi.org/10.1016/j.heliyon.2018.e00759
https://doi.org/10.1186/s12870-019-1633-1
https://doi.org/10.29244/agrob.v6i3.21109
https://doi.org/10.21608/ajps.2019.64104
https://doi.org/10.1007/s40415-020-00584-w
https://doi.org/10.29244/agrob.7.2.207-214
https://doi.org/10.29244/agrob.7.2.207-214

Sudoyo et al. / Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 52(1), 130-140 140

Saleh, N, Rahayuningsih, S. A., Radjit, B. S,, Ginting, E., Harnowo, D., & Mejaya, I. M. ]. 2015. Porang Plant: Introduction,
Cultivation and Use. (In Indonesian.). ICFORD (Indonesian Center for Food Crop Research and Development,
Ministry of Agriculture).

Santosa, E. (2014). Development of the iles-iles intercropping plant for the welfare of farmers and the independence
of the national food industry. (In Indonesian.). Risalah Kebijakan Pertanian dan Lingkungan, 1(2), 73-79.
Santosa, E., Kurniawati, A., Sari, M., & Lontoh, A. P. (2016b). Agronomic manipulation on flowering of Iles-iles
(Amorphophallus muelleri Blume) to enhance seed production. (In Indonesian.). jurnal Ilmu Pertanian

Indonesia, 21(2), 133-139. https://doi.org/10.18343/jipi.21.2.133

Santosa, E., Lontoh, A. P, Kurniawati, A., Sari, M., & Sugiyama, N. (2016a). Flower development and its implication
for seed production on Amorphophallus muelleri Blume (Araceae). (In Indonesian.). Jurnal Hortikultura
Indonesia, 7(2), 65-74. https://doi.org/10.29244 /jhi.7.2.65-74

Santosa, E., Pramono, S., Mine, Y., & Sugiyama, N. (2014). Gamma irradiation on the growth and development of
Amorphophallus muelleri Blume. Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 42(2).

Santosa, E., Setiasih, L., Mine, Y., & Sugiyama, N. (2011). Nitrogen and potassium applications on the growth of
Amorphophallus muelleri Blume. Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 39(2), 124-130.

Santosa, E., Sugiyama, N., Hikosaka, S., & Kawabata, S. (2003). Cultivation of Amorphophallus muelleri Blume in
timber forests of East Java, Indonesia. Japanese Journal of Tropical Agriculture, 47(3), 190-197.
https://doi.org/10.11248/jsta1957.47.190

Santosa, E., Susila, A. D., Lontoh, A. P, Noguchi, A,, Takahata, K., & Sugiyama, N. (2016c). NPK fertilizers for elephant
foot yam (Amorphophallus paeoniifolius (Dennst.) Nicolson) intercropped with coffee trees. Jurnal Agronomi
Indonesia (Indonesian Journal of Agronomy), 43(3), 257-263. https://doi.org/10.24831 /jai.v43i3.11253

Sari, M., Santosa, E. Lontoh, A. P, & Kurniawati, A. (2019). Seed quality and seedling growth of iles-Iles
(Amorphophallus muelleri Blume ) from different growing media. Jurnal Ilmu Pertanian Indonesia, 24(4), 144-
150. https://doi.org/10.18343/jipi.24.2.144

Sims, D. A.,, & Gamon, J. A. (2002). Relationships between leaf pigment content and spectral reflectance across a wide
range of species, leaf structures and developmental stages. Remote Sensing of Environment, 81(2-3), 337-354.
https://doi.org/10.1016/S0034-4257(02)00010-X

Sugiyama, N., & Santosa, E. (2008). Edible Amorphophallus in Indonesia-potential crops in agroforestry. Gajah Mada
University Press.

Sumarwoto. (2005). lles-iles (Amorphophallus muelleri Blume); description and other properties. (In Indonesian.).
Biodiversitas, 6(7), 185-190. https://doi.org/10.13057 /biodiv/d060310

Supriyono, Junior, M. N. F. H,, Nyoto, S., & Nurmalasari, A. I. (2022). Study of light intensity under sono keling trees
on the growth and yield of porang (Amorphophallus muelleri Blume) plants. (In Indonesian.). Jurnal Innofarm:

Jurnal Inovasi Petanian, 24(1), 65-74. https://doi.org/10.33061/innofarm.v24i1.6625

Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s)
and contributor(s) and not of the publisher(s) and/or the editor(s).

Copyright: © 2024 by the authors. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.18343/jipi.21.2.133
https://doi.org/10.29244/jhi.7.2.65-74
https://doi.org/10.11248/jsta1957.47.190
https://doi.org/10.24831/jai.v43i3.11253
https://doi.org/10.18343/jipi.24.2.144
https://doi.org/10.1016/S0034-4257(02)00010-X
https://doi.org/10.13057/biodiv/d060310

	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Research site
	Research design
	Plant growth analysis
	Physiological analysis
	Statistical analysis

	RESULTS AND DISCUSSION
	Analysis of variance
	Plant height and leaf size
	Leaf characteristics and photosynthesis
	Bulbils and corm yield

	CONCLUSION
	ACKNOWLEDGEMENT
	REFERENCES

