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MESSAGE FROM THE CSSP PRESIDENT

It is with great pride to always reminisce the good track record of the Crop Science
Society of the Philippines (CSSP) in supporting our members towards professional
development in the field of crop science, through continuous sharing of tangible technical
results. We therefore continue to elevate the standards of crop scientist to be at par (or even
better) with our ASEAN and global neighbors. CSSP will also not be as it is, if not for, among
others, the continuing success of Philippine Journal of Crop Science (PJCS), the society’s
journal or testimony of continuous dissemination of outstanding scientific and technical
advancements in the field of crop science.

| take pride in the success of PJCS through quality papers being published, the
competency of its editors and reviewers, as well as the professionalism of its staff. This is
proven by the fact that its impact on readership resulted in increase in paper submission (both
local and international submissions) and subscription. Moreover, last year, published papers in
PJCS was well-recognized by the NAST. In order to further reach out, PJCS is venturing into
increased presence in the digital world although online system of abstract request is already
operational. Thanks to Dr. Rhodora Romero-Aldemita, our always dependable Editor-in-chief
and her editorial staff. But PJCS will not rest in its laurels. It will continue to strive to be better
and will continue to find ways to best serve CSSP’s membership. This way, it will also seek to
serve the agriculture profession and community and therefore the society-at-large.

May | invite all crop scientists to support our programs through the following: 1) reach
out to our colleagues and friends in agriculture and crop sciences to become members; 2)
sustain PJCS through submission of quality papers for publication, as wll as annual
subscription; 3) encourage members to continue promote PJCS through their mother
institutions, as well as through the network of like-minded sector; and 4) participate in the
CSSP events such as the 4™ National Convention of the Philippine Association of Agriculturist,
Inc. (PAA) on Nov 13-18, 2016, hosted by CSSP in Grand Men Seng Hotel, Davao City, and
the conference of the Federation of Crop Science Societies of the Philippines (FCSSP) in the
second quarter of 2017.

To the BOT of CSSP, FCSSP and PAA, as well as our dear friends and supporters, |
would like to thank you for this opportunity to meaningfully serve the society and membership in
the coming months.

More power to all of us.

ARTHUR R. BARIA
President
CSSP, 2016-2017
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Zygotic Embryo Excision and Somatic Embryogenesis Propagation of Kopyor Coconut
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Propagation of kopyor coconut can be done only by in vitro culture. However, the available in
vitro methods produce only one plantlet per zygotic embryo cultured. This paper discusses two
in vitro methods to increase production of plantlets and seedlings of kopyor coconut, (1) the
zygotic embryo excision and (2) somatic embryogenesis. Half of the embryonic explants were
excised from freshly isolated embryo of the kopyor coconut fruit and inoculated in Eeuwens
solid medium containing 60 g L™ sucrose, 2.5 g L' activated charcoal, and 2.5-7.5 mg L' BAP.
Embryogenic calli were induced from longitudinally or horizontally excised zygotic embryo
explants and cultured on Eeuwens media containing 2,4-D and organic addenda. Observation
was done on the percentage of regenerated plantlet, percentage of embryogenic calli, number of
somatic embryos, plantlet formation, and morphological analysis. The halved embryo explants
regenerated plantlet and shoot up to 83%, while the halved germinating embryo regenerated
plantlet up to 100%. BAP improved shoot growth but not root growth and the best was 5 mg L.
For somatic embryogensis, the addition of 2,4-D at 50-125 yM was required for induction of
embryogenic culture. Addition of organic addenda such as casein hydrolysate, liquid coconut
endosperm, and especially amino acid improved the induction of embryogenic culture.
Morphological study demonstrated that somatic embryogenesis and the subsequent
development of the somatic embryos were accompanied by the development of abnormal
structures such as rootless shoot, shoot less root, multiple shoots, and non-developed
structure. Nonetheless, plant has been regenerated from this process and in that case somatic

embryos resembled the zygotic counterparts.

Keywords: Callus induction, Cocos nucifera, in vitro, micropropagation, somatic embryo

INTRODUCTION

Kopyor coconut, a naturally occurring coconut mutant
which produces a soft and broken endosperm, is very
rare in Indonesia. The tree is only found in Java and
Sumatra Island. Unlike normal coconut, kopyor
coconut has endosperm that fills the entire cavity of
the nut. The water is not as much as the normal
coconut, sometimes none. These characters make
kopyor coconut interesting to develop and further
enhance. In Indonesia, kopyor coconut is an
expensive delicacy and its planting material alone is
highly priced.

Kopyor coconut or macapuno in Philippines is a
variant of coconut (Foale 2005) and resulted from
natural mutation (Samonthe et al. 1989). Farmers
usually obtain kopyor coconut from normal coconut
seedlings. By this method and depending on where
they are planted, the percentage of kopyor nuts
produced is very low, only 1-2 fruits per bunch (del
Rosario 1998). To increase the production of kopyor
nuts per bunch to 100%, this can be done in vitro
through embryo rescue. Although this technique can
produce 100% kopyor nuts, the production of seedling
is very low, with only one seedling from one cultured
embryo explant. Therefore an alternative in vitro
method should be undertaken to multiply plantlet rate
to increase the number of seedlings produced.
Development of a reliable clonal propagation method
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such as excised embryo explants and somatic
embryogenesis would provide a rapid multiplication for
kopyor coconut. Somatic embryogenesis technology
has been used for mass propagation in oil palm
(Chemalee and Te-Chato 2008: Muniran et al. 2008:
Padua et al. 2013) and date palm (Esraghi et al.
2005).

Very few or limited research has been reported yet on
in vitro propagation of kopyor coconut through
excision of zygotic embryo. Meanwhile, propagation
through somatic embryo may be patterned from the
somatic embryogenesis of normal coconut. Some
works on somatic embryogenesis of normal coconut
have been carried out. Somatic embryo of normal
coconut can be induced from callus (Monfort 1985;
Blake 1990; Verdeil et al. 1992; Samosir et al. 1998).
According to previous reports, callus could be induced
from different sources of explants such as
inflorescence and leaf (Blake 1990; Verdeil et al.
1992), plumule (Hornung 1995; Chan et al. 1997), and
embryo (Karunaratne et al. 1989; Samosir et al.
1998). The recent works on improving of somatic
embryo formation has been carried out from the callus
of plumular (Fernando et al. 2004; Saenz et al. 2005;
Perez-Nunez et al. 2006), immature zygotic embryo
(Adkins et al. 2005). Sukamto (2011) tried to induce
callus from the endosperm of normal coconut, even
though many of them were browning.



Since kopyor coconut does not have masive and
compact endosperm, the formation of callus can not
be induced from this part. The possible source of
explants in kopyor coconut can only come from the
zygotic embryo. Although kopyor coconut contains an
apparently normal embryo, we dont know yet its ability
to form callus. Thus, the objective of this study was to
examine the formation of kopyor seedling from excised
zygotic embryo of kopyor coconut and its ability to
form callus and somatic embryos to produce kopyor
planlets.

MATERIALS AND METHODS

Plant materials

Zygotic embryos were used as source of explants. The
embryos were excised from 11-12 month-old kopyor
dwarf coconut fruits, collected from Jember, East
Java, Indonesia. The embryo that is still enclosed with
endosperm was sterilized in 1.0% sodium hypochlorite
(NaOCil) for 10 min and rinsed three times with distilled
water. They were then excised from the endosperm
and sterilized using 0.5% NaOCI for 5 min, and
washed three times with distilled water. They were
placed in test tubes containing 10 mL liquid Eeuwens
medium (Eeuwens 1976) and incubated in the culture
room without light at 25 + 2°C. The embryos that
germinated, indicated by plumule or radical growth,
were selected as explants.

Formation of plantlets
embryo explants

The haustorium of kopyor coconut embryo was
discarded. Embryo without haustorium was sliced
longitudinally into 2 pieces. Its embryo portion was
cultured in the Eeuwens solid media. Media conS|sted
of 25¢g L actlvated carbon, 60 g L' sucrose, 7 g L™

agar, 2.5 mg L 2,4-D and different concentrations of
BAP (0, 2.5, 5.0, 7.5 mg L™"). Every culture bottle was
planted with 2 pieces of sliced embryo derived from
one embryo. Cultures were arranged in CRD and
maintained under dark condition at 25°C for 2 mo.
After shoots and/or roots developed, the plantlet was
subcultured to Eeuwens med|a containing BAP (2.5,
5.0, 7.5 mg L), 25 g L™ activated carbon, 60 g L1
sucrose, and 7 g L™ agar. Cultures were transferred to
the light room with 16 h photoperiod. Subculture was
done every 2 mo. Explants that grew into root were
discarded while planlet without root were induced with
IBA.

from excised zygotic

Formation of embryogenic callus

Callus induction. The germinated embryo was sliced
into two parts after discarding the haustorium.
The embryo was sliced longitudinally into 2, 4, 8 pc
and cultured in the basal Eeuwens (Eeuwens 1976)
med|um containing 2,4-D (50 75, 100, 125 pM) 25¢g
L™ activated carbon, 60 g L sucrose, 7 g L™ agar and
amino acid. The pH of the medium was adjusted to
5.8 before autoclaving for 20 min at 121°C. The
experiment was arranged in CRD with three
replications and each replication consisted of 15

samples. The cultures were incubated in the dark
room at 25 + 2°C and subcultured every month.

Callus proliferation. To multiply the embryogenic
callus, callus culture was transferred into a new
Eeuwens medium with decreasing level of 2,4-D. The
level of 2,4-d was gradually reduced to half its
previous level starting on the second transfer.
Transfers were carried out every 4 wk. Embryogenic
callus was maintained in darkness at 25 + 2°C for 2-3
mo before transferring to the induction medium of
somatic embryogenesis.

Formation of somatic embryo and germination
Nodular calluses from callus induction media
containing 2,4-D were transferred into media
con5|st|ng of 10 mg L' BAP, 10 mg L' BAP + 2.5 mg
L™ 2,4-D, 10mgL BAP + 5.0 mgL 2,4-D. Media
contalned 60 g L™ sucrose, 2.5 g L' activated carbon,
7 g L agar to induce somatic embryogenesis. The
pH of medium was adjusted to 5.8 before autoclaving
for 20 min at 121°C. The experiment was arranged in
CRD with three replications and every replication
consisted of 15 samples. Cultures were transferred to
fresh media every 4 wk. These were incubated at
25+2°C in a light room from cool white florescent
lamps with 8 hr photoperiod.

The mature embryos were transferred to the
media contalnlng ABA (0, 25, 50 pM) suplemented by
60 g L' sucrose, 25 g L actlvated carbon,
150 mL L™ coconut water, and 7 g L™ agar. Cultures
were maintained in a light condition with 8 hr
photoperiod. Somatic embryos that have changed in
morphology were transferred to Eeuwens free
hormone media to further develop the structures.

Morphological analysis

Callus was examined morphologically using a digital
microscope NTSC System-DC2-456 type connected to
the computer. The callus was observed at every phase
of its development. Observation was further done on
early formation of somatic embryo in the globular,
mature, and germination phase.

RESULTS AND DISCUSSION

Formation of planlets from excised zygotic embryo
explants

Kopyor coconut has no branch originating from the
lateral bud development. However, the splitting
technique with apical meristem in the embryo, turns
out that the parts of their embryo can grow. More than
80% of the excised embryo explants survived on
medium with 25 mg L BAP (Table 1). The
percentage of growing excised embryo decreased with
increasing concentration of BAP. At a concentration of
75 mg L' only 58% of excised embryo was
successfully grown. Without exogenous BAP, the
excised embryo could still grow but very low, only
37.5% (Table 1). BAP increased the growth of
explants more than two folds. However the sole
addition of BAP into the media could not be done.

Sukendah et al.



Table 1. Percentage of excised embryo explants that developed and formed into either shoots or roots or both shoot
and roots (complete plantlet) at different concentrations of BAP

Concentration of Percentage of

Percentage of explant that

Percentage of explant Percentage of explant that

gl formed into that developed developed
BAP (mg L") explant grown shoot and root into shoot into root
0.00 37.50 0.00 25.00 12.50
2.50 83.33 8.33 62.50 12.50
5.00 70.83 0.00 50.00 20.83
7.50 58.33 8.33 37.50 12.50

BAP still need another growth regulator such as auxin
(2,4-D) to increase the percentage of growing
explants. If the BAP is provided without 2,4-D, the
excised explants were difficult to grow and showed no
response.

Not all the excised embryos could grow and become
plantlets. About 20-40% of the excised embryo did not
show any response probably because it has no shoot
or root meristem. The excised embryo started to grow
5-7 d after culture on solid media (Figure 1C) and
shoots and roots emerged after 3-4 wk. At 5-6 wk after
culture, the excised embryo grew with white bud
colour (no chlorophyll) (Figure 1D) and began to form
chlorophyll (Figure 1E) after transferring in the light
room. Plantlets started to form a new leaf after 2-3
months (Figure 1F) and turned into perfect plantlets.

Formation of embryogenic callus

Clonal propagation of kopyor coconut through somatic
embryogenesis process has been successfully
established, starting with callus induction. Callus of
kopyor coconut could be induced from explants of
zygotic embryo slices in the Eeuwens medium
containing 2,4-D. Explants started to enlarge (Figure
2A) after 2-3 wk of culture and formed callus (Figure
2B) at 4-5 wk of culture. The callus continued growing
and showed active cell division and proliferation
leading to nodular callus formation. Kopyor coconut
callus formation required synthetic auxin such as
2,4-D. In this study explants that were not given 2,4-D
could not form callus in both intact and excised
embryos. Growth regulator 2,4-D is often used to
induce embryogenic callus in many palm trees
(Eke et al. 2005; Fernando et al. 2011). It can also
initiate the activation of genes for differentiation and
enhance embryogenic cells through repeatitive cell
division (Litz and Gray 1992).

However, callus formation was not influenced by the
amount of 2,4-D added to the culture media. The
effect is more on the development of fresh weight of
callus. At 100 uM 2,4-D, callus weight was significantly
higher than other concentrations (Table 2).
Concentrations between 50-125 yM could induce the
formation of kopyor coconut callus but differences
were not significant. The average callus formation was
above 60% at any level of 2,4-D (Table 2). At 2,4-D
concentration above 125 uM, explant becomes brown
and under 50 uM explant becomes swollen but do not
form callus. In normal coconut, the optimum
concentration of 2,4-D for callus induction was 100 yM
(Chan et al. 1998) and 125 uM (Samosir et al.1998).
Usually callus formation of normal coconut is

Propagation of kopyor coconut

Table 2. Effect of longitudinally excised mode in kopyor
coconut callus formation using Eeuwens media
and at various concentrations of 2,4-D

Percentage Callus Fresh  Number of
Treatment of embryogenic diameter weight of embryos?
callus formed' (cm) callus (g) inoculum

Excising mode:
L-2 (Split 2) 90.97 a 1.1667 0.4980 b 17.0
L-4 (Split 4) 58.34 b 1.0583 0.7630 a 16.3
L-8 (Split 8) 60.43 b 0.9167 0.4728 b 11.0
Concentration of 2,4-D:

50 uM 62.97 0.8333 0.5155 b 13.7

75 uM 78.70 1.1333 0.4243 b 13.2

100 uM 63.89 1.0222 0.8303 a 15.0

125 uM 74.09 1.2000 0.5415b 16.0

"Means followed by the same letter within a column are not significantly
different at 5% DMRT; 2Embryo at early globular stage

observed in the presence of a high level of 2,4-D
which results in the development of proembryoids
(Blake 1990). However, high level of 2,4-D caused the
explants of kopyor coconut to become necrotic.
Although 24-D is required to stimulate callus
formation, excessive levels tend to induce browning
and inhibit growth of cultures (Ebert and Taylor 1990).

Kopyor coconut embryogenic callus mass developed
into an individual proembryo after it is transferred to
media containing less 2,4-D and added with BAP.
Dussert et al. (1995) observed that embryogenic cells
became separated from meristematic regions and
developed into proembryo if the callus was transferred
to a medium with low concentration of 2,4-D. Chan et
al. (1998) also obtained coconut embryos by reducing
the concentration of 2,4-D and the addition of 50 yM
BAP. BAP has been widely used in the process of
development and maturation of somatic embryos at
various palm trees. In oil palm, 5 and 10 uM BAP are
the best concentration for maturation of embryos and
stimulate the development of shoot of the embryo
(Duval et al. 1993). In date palm, development of
somatic embryo is stimulated by a combination of
2,4-D with BAP (Eshraghi et al. 2005).

Beside from adding 2,4-D, callus formation of kopyor
coconut need splitting of explants. Intact embryo could
not form callus on all media containing 2,4-D (Table
2). Embryos were swollen and appeared to form calli
but over time the embryo grew but without any callus
formation. Excising allows meristematic cells of
explants to come in direct contact with the medium
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Figure 1. Regeneration process of kopyor coconut from
excised zygotic embryo into a perfect plantlets on
media containing BAP.

(A) Zygotic embryo explants; (B) Germinated embryo explants after
1 month culturing in Eeuwens liquid media, (C) Excised embryo
explants grown on solid medium; (D) Excised embryo explants
started to grow; (E) Excised embryo explants began to form green
leaf; (F) Excised embryo explants developed to form a new leaf; (G)
Normal plantlets regenerated from excised embryo

containing auxin or cytokinin, so the effect of growth
regulator becomes more effective. Without excision,
meristematic tissue of embryo explants is not exposed
to the plant growth regulator.

Callus formation was also significantly affected by the
mode of excision. Embryo excised into two parts
formed callus 20% higher than that of the excised
embryo of 4 or 8 parts (Table 2). The more excised
embryos are, the percentage of callus formation tends
to decrease. However, further callus development was
not influenced by the size of the excised embryo. This
is evident by the fresh weight of callus from embryos
excised into 2 parts which was not much different with
8 excised embryos (Table 2).

Formation of somatic embryos and plantlets

The formation of somatic embryo appeared about 2-3
mo after culturing. Average number of somatic
embryos on explant excised into 2 was not much
different from the explant which was split into 4. As the
number of excised embryo increases there was a
tendency for the somatic embryos formed per explant
to decrease. This was observed on embryo excised
into 8 which produced an average of 11 somatic
embryos per explant. Meanwhile, the average number
of somatic embryos at high concentrations of 2,4-D
was higher (100-125 yM) than at lower concentrations
(50-75 uM) (Table 2).

After 2-3 wk, cultures transferred to the Eeuwens
medium contalnmg a) 10 mg L BAP, b) 10 mg L™
BAP+25mgL 2,4-D, and ¢) 10 mg L' BAP + 5 mg
L™ 2,4-D developed into mature somatic embryos. The
individual somatic embryos showed further differentia-
tion leading to germination or growth into certain struc-

4

Figure 2. The morphology of kopyor coconut embryonic
callus derived from excised zygotic embryo
explants and plantlets at every stage of somatic
embryogenesis.

(A) Excised zygotic embryo explants; (B) Embryogenic callus; (C)
Somatic embryos germinated to form shoots within callus mass; (D)
One of the embryos germinated within somatic embryo clump; (E)
Plantlet derived from the germination of normal somatic embryo; (F)
Plantlet from somatic embryo which have formed a perfect leaf

Figure 3. Morphology of non-embryogenic callus (A) and

various abnormalities of coconut

seedlings (B-F)

kopyor

(A) non-embryogenic callus; (B) Seedling with shoot but without
roots; (C) Embryos with formed shoot but without roots and roots
growing from different embryo; (D) Seedling with multiple shoots;
(E) Seedling with excessive root growth; (F) Roots without shoots

ture. The number of somatlc embryos on media with
10 mg L' BAP + 5 mg L"2,4-D, was two times more
than the media containing 10 mg L™ BAP + 2 5mgL"
2,4-D. Likewise, media containing 10 mg L™ BAP only
have a slightly hlgher number of somatic embryos than
media with 10 mg L BAP + 2.5 mg L™ 2,4-D (Table
3).

The percentage of complete plantlets (plantlet with

shoot and root) produced on media containing 10 mg
L' BAP + 5 mg L 2,4-D was only 7%. If the 2,4-D

Sukendah et al.



Table 3. The percentage of somatic embryos of kopyor coconut which developed into shoots, roots or plantlets in media

containing 2,4-D and BAP

Percentage of

Number of germinated

Growth regulator

Percentage of
embryo that

Percentage of
embryo that

Percentage of
embryo that

(mg L-1) embryos/inoculum embryo developed into shoot developed into root developed into plantlet
10 mg L' BAP 8.6 70.14 18.75 40.27 11.11
1‘3 ?g ;;?_/12,4-0 74 85.71 14.28 49.97 25.38
10mg L™ BAP 14.8 69.05 8.33 53.57 7.14

+5.0mg L"2,4-D

Table 4. The percentage of somatic embryos of coconut kopyor which developed into shoots, roots, and plantlets on media

with various concentrations of ABA

Concentration Percentage of

Percentage of embryo
that developed

Percentage of embryo
that developed

Percentage of embryo
that developed

of ABA germinated embryo into shoot into root into plantlet
without ABA 62.49 10.49a 50.00 2.00 ab*
25 uM 66.65 5.81b 58.34 250a
50 uM 72.30 1.30b 70.00 1.00b

*Means followed by the same letter within a column are not significantly different at 5% DMRT

concentration was reduced to 2.5 mg L7, the
percentage of complete plantlets that developed
increased to 25%. Meanwhile, if 2,4-D is omitted or the
media contained only 10 mg L™ BAP, the plantlets
obtained was 11%. Plantlets with shoots but without
roots occurred more frequently in the media with
10 mg L BAP than on media added with 2.5 or
5.0 mg L' 2,4-D (Table 3). For media that contained
10 mg L' BAP + 5 mg L 2,4-D, despite producing
more somatic embryos approximately 50% of somatic
embryos grew into root structure, so the number of
plantlets obtained was very few. Reducing the concen-
tration of 2,4-D added to the BAP or not adding 2,4-D
at all resulted to decreased formation of somatic em-
bryos into roots. Somatic embryos that grow into root
structure are usually discarded because these cannot
be induced to form shoot.

Plant regeneration in some species through
embryogenic callus were observed on the media
containing 2,4-D and BAP. In Sacchrum officinarum
the regeneration percentage was high on medium with
2.0 mgL" 2,4 Dand 1.0 mg L' BAP (Naz et al. 2008)
and in Datura stramonium higher frequency of plant
regeneration of embryos were observed on the
medium containing 9.04 mg L™ 2,4-D and 13.32 mg
L™ BAP in addition with 3 mL L' coconut water
(Sundar and Jawahar 2010).

Growth regulator ABA did not have much effect on the
process of somatic embryo germination of kopyor co-
conut. Without the addition of ABA the percentage of
coconut somatic embryos that grew into plantlets were
not significantly different from treatment with ABA
(Table 4). Addition of ABA stimulated the growth of the
embryo into root structure. Without ABA the
percentage of embryos that turned into shoot was
higher. This implies that ABA is not required in the
process of somatic embryo development of kopyor
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coconut. The use of high concentration of ABA (50
uM) also tended to increase the percentage of
embryos that developed into root structure. This is in
contrast to the results obtained by Samosir et al.
(1998) and Fernando and Gamage (2000), which
reported an enhanced formation and germination of
somatic embryos of coconut with ABA treatment.
Response of kopyor coconut to ABA is similar to the
response observed in the embryo of avocado where
the addition of ABA did not affect the production of
somatic embryos, but enhances the formation of
hyperhydric globular somatic embryos (Role-Quesada
et al. 2004). In other crops such as date palm, high
concentration of ABA reduced the number of embryos
(Bawis et al. 2015) and inhibited the conversion of
globular and heart embryos to shoot in tea plants
(Ghanati and Ishka 2009).

Morphology of somatic embryo

The process of somatic embryo germination of kopyor
coconut was not as simple as zygotic embryo. Somatic
embryos cannot be germinated per individual embryo,
although the embryos could be easily separated. In
the germination medium, somatic embryos that were
individually cultured turned brown resulting in death.
Germination of somatic embryos occurred if they are
still in the callus clump (Figure 2C and D). However,
not all embryos in the callus can germinate and form
complete plantlets (plantlets with shoot and root)
(Figure 2E). Some somatic embryos transformed into
an abnormal structure.

There were various forms of embryo that grow into
abnormal structure. One form are embryos that are
not equipped with the root apical meristem. When
germinated, these embryos produce shoots without
roots (Figure 3B). Nevertheless adventitious roots can
be induced by treating with growth regulator like auxin.
Another form are embryos where the shoots and roots
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derived from different embryos were connected by a
tissue (Figure 3C). Cotyledons or haustorium did not
develop properly. Other abnormality were embryos
that grew with many apical buds, resembling the form
of bean sprouts which has more than one leaf bud
(Figure 3D). There were also embryos that grow with
excessive roots such that shoot growth slows down or
part of shoots and roots were not proportional (Figure
3E). Last is the embryo that contained only the apical
root and the haustorium, resulting in form without bud
(Figure 3F).

One of the main problems in the process of somatic
embryogenesis of kopyor coconut is the formation of
normal plantlets/seedlings due to the incomplete
process of embryogenesis, which is marked by
numerous abnormal structure formation. Buffard-Morel
et al. (1995) assumed that the deviation of coconut
somatic embryo morphogenesis can be caused by
hormone imbalance.

CONCLUSION

Clonal propagation of kopyor coconut has been
established through excised zygotic embryos and
somatic embryogenesis. Excised embryos grew into
planlets in the medium containing BAP with low
concentration of 2,4-D (2.5 mg L™"). High concentration
of BAP or without BAP tended to inhibit formation of
plantlets. Propagation of kopyor coconut by somatic
embryogenesis was done through callus induction in
medium containing 2,4-D. This study reported high
formation of somatic embryos on media with
combinations of 10 mg L BAP and 5 mg L™ 2,4-D.
However addition of 2,4-D in lower concentration
increased the percentage of complete plantlets.
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This study was done to determine the species of biological agents Streptomyces sp. from
Pare-Kediri tomato land and Gliocladium sp. from Food and Horticulture Crops Protection in
Pandaan, and to know their antagonistic effects on F. oxysporum f.sp. lycopersici soil borne
pathogens from Wajak village, East Java, Indonesia. Treatments were laid out in CRD with 4
replications. Biological agents were identified through its morphological characteristics and
DNA sequensing. Streptomyces sp. was identified as Streptomyces griseorubens and
Gliocladium sp. as Gliocladium virens. The results showed that S. Griseurubens, G. virens and
T. harzianum were hiperparasites of F. Oxysporum. They can potentially compete with
F. oxysporum for food and space in rhizosphere through the formation of pheripheral roots. The
third mixture of these biological agents also produced antibiosis in the rhizosphere that could

inhibit F. oxysporum f.sp. lycopersici growth.

Keywords: antagonism, biological agents, rhizosphere

INTRODUCTION

Fusarium oxysporum f.sp. lycopersici is a fungal
pathogen of tomato that causes the plant to wilt. This
fungus is a saprophyte that lives on the inorganic
matter residue in the soil. Combination of several
microbial soil saprophytes with multi-antagonistic
mechanisms are more effective to pressure the
population and activity of pathogens. Some biological
agents are decomposers and growth hormone
producers. Biological agent, Streptomyces sp.,
degrades carbon from crop residues and
decomposes recalcitrant protein through proteolysis
(Doi et al. 2008). Streptomyces sp. can also enhance
plant height, fruit production, and flower count in
tomato plants (Sastrahidayat 1994). On the other
hand, Trichoderma sp. and Gliocladium sp., as
biological agents, serve as biofertilizer that are
packed in compost and help in the absorption of P
and K elements and promote growth in plants.
Furthermore, aside from promoting plant growth,
Gliocladium sp., Streptomyces sp., and Trichoderma
harzianum, are also effective biological agents to
control pathogen population (Pal and Gardener 2006)

Several studies have shown the relationship between
microbial pathogens and biological agents that
support the process of biological control. Trichoderma
sp. produces lytic enzymes that degrade chitin cell
wall in mycoparasitic process and improve their own
cell wall during division process (Chater and Chandra
2006) whereas S. griseus produces lytic enzymes
that are capable of degrading fungal cell walls
(Anitha and Rabeeth 2010). Moreover, pathogenic
and non-pathogenic strains of Fusarium sp. that grow

P Suryaminarsih et al.

and develop on the same side of the roots of the host
plant, compete for food (Olivain et al. 2006). T.
harzianum produces indole-3-acetic acid (IAA) which
induces the formation of lateral roots, increases root
dry weight, induces plant resistance with xylanase
inducer components, and colonizes plant roots
(Gruber and Saiboth 2012; Semangoen 2000). The
toxic metabolite produced by Trichoderma virens
against Phytium sp. is gliovirin, while T. harzianum
produces pyrone antibiotics against Geomannomyces
graminis (Anitha and Rabeth 2010). The relationship
of microbes in the soil can be described however, the
process of recycling is very complex and involves
biochemical reactions that the mechanism is still not
understood (Benitez et al. 2004). On the other hand,
fusarium wilt disease can be controlled using the
combination of Streptomyces sp., T. harzianum and
Gliocladium sp. The success of this control is
determined by the antagonistic relationship between
biological agents. S. griseorubens, G. virens and T.
harzianum, as biological agents, are compatible to
grow in Potato Dextrose Agar (PDA) medium and can
form an association that does not harm each other or
does not produce secondary metabolites that could
inhibit the growth of each other. A mix of these two
biological agents, S. griseorubens and G. virens (SG),
S. griseorubens and T. harzianum (ST), and G. virens
and T. harzianum (GT), and a mix of these three
biological agents (SGT), could highly inhibit the
development of the colony diameter of F. Oxysporum,
as compared to a single biological agent G. virens in
vivo. Furthermore, a mix of these two biological
agents, SG and ST, as well as these three biological



agents, SGT, could inhibit the disease severity of
tomato fusarium wilt caused by T. oxysporum f.sp.
lycopersici. The aim of this study was to determine the
species of biological agents Streptomyces sp. from
Pare-Kediri tomatoes land, and Gliocladium sp., from
Pandaan Food and Horticulture Crop Plants
Protection, and to know their antagonistic effects on F.
oxysporum f.sp. lycopersici soil borne pathogens from
Wajak village, East Java, Indonesia.

MATERIALS AND METHODS

The materials for this research consisted of
Streptomyces sp. isolates (from Pare-Kediri land
tomatoes), Gliocladium sp., Trichoderma harzianum
(from the collection of Food and Horticulture Crops
Plants Protection in Pandaan), F. oxysporum from
fusarium wilt diseases of tomato plants (from
Wajak-Malang village), 80% sand soil, Potato
Dextrose Agar medium (SAP Chemical), and Malt
extract medium (Citroen).

The experiment was laid out in CRD with 5 treatments
and 4 replications. The treatments were as follows:
single biological agent (Strepfomyces sp. (S), double
biological agents (mixture of Streptomyces sp. with
Gliocladium sp. (SG) and with T. harzianum (ST),
three biological agents (mixture of Streptomyces sp.,
Gliocladium sp., and T. harzianum (SGT) and lastly,
control (without biological agents).

Identification of Microorganisms

Biological agents were isolated using Dhingra and
Sinclair (Singh et al. 2002) soil plating method wherein
1 g of soil in the chilli and tomato land was used to
make the suspension by 10*dilution. Streptomyces
sp. was isolated by preparing 1 mL suspension, which
was taken asceptically and smeared, on a GNA
medium. T. harzianum and Gliocladium sp. from
PPFHC - Pandaan was isolated like Streptomyces but
the isolation was done in a PDA medium. Biological
agents obtained were then purified and propagated in
petri dishes with the same PDA medium.

F. oxysporum was isolated by excision method. Parts
of the stem of tomato plants infected with fusarium wilt
were cleaned, sterilized with 70% alcohol, air dried,
and sliced with a scalpel. The excised part was
inoculated in PDA medium. Pathogenic fungi that have
grown were isolated and purified. Pure F. oxysporum
was then propagated in a PDA medium. On the other
hand, Streptomyces sp. was identified in the
microbiology laboratory of Tropical Diseases Center
(TDC), Airlangga University, through 16S rRNA
sequencing method. Gliocladium sp. was identified in
the Laboratory Culture Collection of Institute Pertanian
Bogor through 18S rRNA sequencing method.
Colonies of T. harzianum were identified by
macroscopic and microscopic observation in the Plant
Health Laboratory of the National Development
"Veteran" East Java University.

Biological agents of Fusarium oxysporum

Antibiosis Test in the Rhizosphere

Antibiosis test was done on the 2", 4™ 6" 8" and
10" day after transplanting. One gram of soil was
taken from the treatment and dissolved in a 10 mL
sterile water for 1 min, centrifuged at 200 rpm, and
then the 4 mL of this suspension was added to 46 mL
of sterile water. The suspension obtained from this
was then filtered with Whatman paper no. 44 and Zeis
filter (5G) using vacuum pressure. The resulting filtrate
was centrifuged at 150 rpm for 30 min. This solution
containing antibiosis ingredients was stored in a
refrigerator (4°C) for 24 hr. Antibiosis obtained was
dripped on a filter paper disc (0.5 cm diameter
Whatman paper) until saturated (0.55 cc), and then air
dried. The paper discs containing antibiosis were
inoculated on a PDA medium in petri dishes that had
been inoculated with F.oxysporum spore suspension.
Inhibition zones caused by filter paper disc on
F. oxysporum was an indicator of inhibition. Further
observations of the characteristics of the soil filtrate
containing antibiosis were done in Biochemical Angler
Laboratory using LC-MS/MS and analyzed by
GC-MS, in Pharmaceutical Airlangga University.

RESULT

Identification of Biological Control Agents (BCAs).
Streptomyces sp. isolate had yellow, bright red, white
like tissue cotton, unshiny colony, and a gram positive
response. The hyphae morphology was 11 um in
diameter and was branched without septae. The spore
was hyaline, long circular chain-shaped with 17.61 x
41.8 ym length, and 11.67-12.10 ym diameter. The
DNA gen isolation result from supernatant and
sediment from Polymerase Chain Reaction (PCR),
showed the Streptomyces sp. on a gel
electrophoresis in 1.2 kb area. This was similar with
the Streptomyces griseus area where the primary
common area was used for 16S rRNA (Figure 1).

Basic Local Alignment Tool (BLAST) analysis showed
that for the majority of Actinomycetes, the result of the
DNA sequensing was on the Streptomyces
griseorubens species area, with a total number of 603,
which is approximately similar to level 97% and level
98% with Actinobacterium.

On the other hand, Gliocladium sp. isolate had light
green color, circular, solid, and soft middle surface,
ratherthan white colony, and a grown up hyphae. This
hyphae was branched, hyaline, and has a diameter of
28.50 ym. Conidium was 13.75-15.56 um, circular,
hyaline, branched, and stand on conidiophore. The
result of Gliocladium sp. DNA sequensing on the
agarose gel was showed on 1.5 kb area and was not
different from the primary used Gliocladium virens
(Figure 2). Phylogenetic analysis using BLAST
submitted to Gene Bank, has identified a similarity
level of 99.61% with a strain of Trichoderma sp. INBio
3018F.

Macroscopic observations on T. harzianum colonies
appeared to be green, velvet shaped, and has a
presence of circular zone. Conidia was round, hyaline

9



Figure 1.

A. Colonies of Streptomyces sp. on PDA at 14 days; B. Morphology microscopic research of

Streptomyces sp.; D. Circular spore microscopic research, magnified at 10 x 40. E.Streptomyces
sp. DNA electroforesis result on gel agarose (TDC UNAIR)

(‘

Figure 2. A. Colonies of Gliocladium sp. on PDA at 4
days; B. Microscopic observation of Gliocladium
sp.; C. Microscopic observation of Gliocladium at
a magnification of 10 X 40.

and has a measure of 14.65 ym. Filamentous hyphae
with septae was branched, hyaline, and 35.75 ym in
diameter (Figure 3).

Obstacle Results on the Antibiosis Soil Filtrate

The average inhibition zone from soil filtrate that
consisted of single biological agent (S. griseorubens),
mixed biological agents (S. griseorubens, G. virens, T.

10

harzianum), and control towards the development of
F. Ox%/sporum, were different starting from the 2", 4™,
6™, 8" and 10" d after inoculation. The  average
inhibition  zone of soil filtrate consisting of
Streptomyces sp., Gliocladium sp., and T. harzianum
mixtures was bigger than the soil filtrate with S.
griseurubens only (Table 1).

The result of GC-MS analysis on the sand soil filtrate
at 10"d after inoculation in the mass spectrum (m/z)
was 243 g mol” and it was not streptomycin. On the
other hand, LC-MS/MS analysis on the soil filtrate
containing mixture of biological agents S.
griseurubens, T. Harzianum, and G. virens at 10" d
after inoculation with biological agents and F.
oxysporum in the sand soil, showed that the retention
peak of the filtrate was 2.64 min.

DISCUSSION

The result of the DNA sequensing of Streptomyces sp.
that was uploaded to the world genbank had a 98%
similar description with Actinobacterium ZXY004 and
S. griseorubens strain 2418. Moreover, based on the
morphology of the colony character, the size and the
spore shape of Streptomyces sp. isolate showed a
similarity with the strain of S. griseorubens sp. by
having a filament bacterium, small sprouted colony like
cotton, and also produces coccus spore (Brown et al.
2012). Furthermore, Actinobacterium ZXY belongs to
genus Actynomycetes and the another name of
Streptomyces  griseorubens  was  Actinomyces
griseorubens (Cook and Baker 1974).

P Suryaminarsih et al.
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Figure 3. A. Gliocladium sp. colony on PDA medium at 4 days; B. Gliocladium sp. colony microscopic
observation; C. Gliocladium sp. conidium mycroscopic observation, magnified at 10 x 40

Table 1. Average inhibition zone of antibiosis soil filtrate to F. oxysporum

Average inhibition zone

Biological 2 hsi 4 hsi 6 hsi 8 hsi 10 hsi
contol Transf. Transf. Transf. Transf. Transf.
m oy ©™ oy O™ moy ©M mogy G 709)
SGT 015 080 ° 033 091 2 023 085 % 0,60 0,85 @ 0,95 1,05 2
SG 0,00 071 ° 000 0,71 ° 000 071 ° 0,10 0,78 ®* 0,40 0.78 2
ST 0,00 071 ° 0,08 076 ° 0,0 0.79 ® 0,08 076 * 0,13 0.76 2
S 048 099 * 010 079 ° 0,08 076 ° 0.00 071 ® 0,18 071 @
Control 0,00 071 ¢ 0,00 0,71 ° 0,00 071 ° 0,00 0,71 ® 0,00 0,71 @

BLAST analysis result on the DNA sequencing of
Gliocladium sp. through 18S rRNA showed a 90%
similarity with Trichoderma sp. The morphology of
Gliocladium sp. was almost the same with T.
harzianum. However, the uploaded result of BLAST
analysis was similar with the pimary standard used,
which was Gliocladium virens. In addition, Skreekanth
et al. (2011) reported the differences on the colony
surface in the PDA medium of Gliocladium sp. and T.
harzianum.

On the other hand, as published by BPTPH Bogor,
Trichoderma harzianum isolate from BPPHPTPH
Pandaan had the same morphology features with
isolate T. Harzianum. As these include light green to
dark green colony, wool-like, produces asexual conidia
with a globular shape, and the conodia forms like
grapes and grows quickly (Akladious and Abbas 2012;
Alam et al. 2003; Buchanan and Gibbon 1974).

Biological agents of Fusarium oxysporum

Furthermore, filtrate from the soil observation showed
an antibiosis that can inhibit F. oxysporum.
The antibiosis on rhizosphere was from G. virens and
T. harzianum. This statement was supported by the
results from biological agents’ population and the
pathogenic fungus population. However, on the 30" d,
the population of S. griseorubens was not found and
the inhibition zone of soil filtrate consisting of S.
griseorubens on the 8th and 10th d was 0 cm.

Biological agents, T. harzianum and G. virens, could
grow and develop faster around the roots compared to
F. Oxysporum on the 1% d after planting. The
competition between biological agents and pathogenic
fungus is mainly on the source of nutrition because on
the 3™ day, F. oxysporum grew and developed on the
same root as the biological agents. Some researches
found that T. harzianum and G. virens are soll
saprophytic fungi that can develop quickly. In 48 hr
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both biological agents had formed colony and twisted
the root and penetrated the intercellular root (Agrios
1994; Allexopoulus 1996; Singh et al. 2002). In vitro
observation showed that both biological agents grow
quickly and can obstruct the development of
F. oxysporum and can form a colony in the roots of the
plant (Cook and Baker 1974). The competition
between pathogenic and non-pathogenic Fusarium is
on the nutrients since both hyphae grow on the same
side of the sprouted root (Olivain et al. 2006).

Analysis on the standard antibiotic streptomycin
showed that the peak retention time can reach to 4.93
min. Analysis of this soil filtrate by GC-MSD showed
that the peak of the TIC retention time was 5.33 min,
whereas the standard solution of ethyl acetate was
1.37 min. Derivation of the soil filtrate retention peak
time (5.33 min) showed a molecular weight of 243 g
mol™", while the standard derivative used has different
molecular weight. Moreover, comparison of similarities
with the standard mass spectrum was 40% only. The
moleculer weight of the antibiotic was 400 g mol™ but
G. virens produced gliovirin which generated some
mass spectrum of 389, 388, 290, 270, 263, 248, 247,
and 177 (m/z). Furthermore, the moleculer weight of
this antibiosis detection by GC-MS was 243 g mol”
and it was not streptomycin (LC-MS).

CONCLUSION

In this research Streptomyces sp. is Streptomyces
griseorubens f.sp. capsicum and Gliocladium sp. is
Gliocladium virens. Mix of S. griseorubens f.sp.
capsicum, G.virens and T. Harzianum produced
antibiosis to Fusarium oxysporum F.sp lycopersici in
rhizosphere. The moleculer weight of this antibiosis
detection by GC-MS was 243 g mol” and it was not
streptomycin (LC-MS).
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Chili is an important fruit vegetable crop with a good demand in the local and international
market. However, its production is being hindered by diseases caused by R. solanacearum and
F. oxysporum resulting to wilting of the plant. This research aimed to determine which form of
Fluorescent Pseudomonad Pf-122 isolate with organic fertilizer could greatly enhance the
resistance of chili to bacterial wilt. The study was laid out in CRD composed of three
formulation treatments (pelleted, granulated and powdered organic fertilizer with Fluorescent
Pseudomonad Pf-122 isolate) and control (organic fertilizer only) with three replications. During
the incubation period, results revealed that the slowest incubation period for the disease
manifestation was observed in pelleted and powdered form fertilizer (7 d) followed by
granulated (6 d) and lastly by control (5 d). The development of disease in chili treated with
powdered formulation showed the slowest rate among other formulations. On the other hand, as
compared with the control, the powdered formulation suppressed the development of disease
by 42.67% while the granulated and pelleted fertilizer suppressed by 34.67% and 28%,
respectively. Thus, application of powdered form Fluorescent Pseudomonad Pf-122 isolate with

organic fertilizer could fully enhance the resistance of chili to bacterial wilt.

Keywords: formula, granule, pellet, powder, pseudomonad fluorescent

INTRODUCTION

Chili (Capsicum annuum L.) is a fruit vegetable crop
that has high economic potential as there is demand
in the local and international market. However, chili
production is being hindered by Ralstonia
solanacearum and Fusarium oxysporum which cause
the plant to wilt. The said diseases can cause
significant yield losses in chili. To counteract the
effects of the diseases, conventional farmers opted to
use pesticides. The possibility of using bacteria as an
alternative to pesticides should be explored because
bacteria has the ability to induce systemic resistance
by producing phytohormones, dissolving inorganic
phosphate and increasing the bind of iron to
siderophores (Podile and Kishore 2007; Haas and
Defago 2005). Rhizobacteria, a known biological
control agent, induces the production of secondary
metabolites such as siderophores, antibiotics and
hydrogen cyanide. It also offsets spur growth through
auxin derivatives (Pinton et al. 2001). Some
rhizobacteria that stimulate plant growth hormones
are Pseudomonas, Bacillus and Azobacter
(Brimecombe et al. 2001).

Pseudomonas suppresses the infestation of bacterial
wilt in chili while Pseudomonas flourescens promotes
resistance in tomato, potato, and eggplant.
Recent studies have also revealed that on a green
house scale, the powder formula with active ingredi-
ents of PF suppresses the most effective wilt disease,
namely the 41.67 disease index (Wuryandari et al.
2015). This research aimed to determine which form
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of Fluorescent Pseudomonad Pf-122 isolate with
organic fertilizer could greatly enhance the resistance
of chili to bacterial wilt.

MATERIALS AND METHODS

The experiment was conducted in a chili plantation at
Lebo, Sidoarjo, East Java from May 2015 to July
2015. The study was laid out in CRD and the
treatments were replicated three times. The data
gathered were subjected to ANOVA procedure using
SPSS (Statistical Product and Service Solutions). The
treatments for this study consisted of pellets,
granules, powder and the control. The control was
organic fertilizer only manufactured by Factory Mini
UPN East Java. The organic fertilizer contained
sugarcane waste, rock phosphate, guano and cow
dung with a ratio of 3kg: 1kg: % kg: 2 kg, respectively.
The organic fertilizer was mixed with Fluorescent
Pseudomonad Pf-122 isolate at a concentration of
10" cfu mL™" and then formed into pellets, granules
and powder. Ten grams of the formulation were then
placed in holes near the 8-wk-old chili plants.

The parameters observed in this experiment were the
incubation period and disease severity. Incubation
period corresponded to the number of days at which
symptoms appeared from inoculation. Disease
severity was assessed every 5 d and evaluated using
the following scale: 0= no symptoms, 1= 1-10% wilted



leaves, 2= 11-30% wilted leaves, 3= 31-60% wilted
leaves, 4= 61-99% wilted leaves, and 5= 100% wilted
leaves.

The magnitude of the disease index was calculated
based on the formula of Arwiyanto (1995):
where:

k
> knk
I == —x100%
X.

| = disease index

k = scale or score

nk = number of plants symptomatic pain scale
k(,1,2,3,4,5)

N = the total number of plants inoculated

Z = category of highest attack

RESULTS AND DISCUSSION

At the end of the observation period, disease index of
the different forms of organic fertilizer with Fluorescent
Pseudomonad Pf-122 isolate were significantly lower
than that of the organic fertilizer alone (Table 1). This
indicates that Fluorescent Pseudomonad Pf-122
isolate effectively suppressed the manifestation of
bacterial wilt. On the other hand, the disease index of
powder was significantly lower (13.33) compared to
granule (21.33) and pellet (28.00).

In agreement with the results of disease index, the
most effective formulations to delay the manifestation
of bacterial wilt symptoms were powder and pellet.
The Fluorescent Pseudomonad Pf-122 isolate with
organic fertilizer in the forms of pellet and powder
delayed the symptoms by 2 d compared to the control.
However, any form of Fluorescent Pseudomonad
Pf-122 isolate could significantly delay the disease
infestation (Figure 1). More so, in a field condition,
extraneous variable including other pathogenic activity
may affect the population of Fluorescent
Pseudomonad Pf-122 isolate. Thus, hindering its
ability to inhibit the resistance of chili plant.

As seen in Figure 2, Fluorescent Pseudomonad Pf-
122 isolate with organic fertilizer in powdered form
suppressed the development of disease by 42.67%
whereas the granulated and pelleted form were able to
halt the development of disease by 34.67% and 28%,
respectively. Based on the disease index gathered
during the observation period, wilt disease
development in plants treated with powder formulation
showed the slowest progress of disease. It was
evident that the application of powdered formula was
the most influential in counteracting the wilt disease
caused by Fusarium and Ralstonia solanacearum. The
presence of  biological agent (Fluorescent
Pseudomonad Pf-122 isolate) in the formulation
suppressed the development of pathogens that
caused wilting. In powder formulation, Fluorescent
Pseudomonad Pf-122 isolate was better developed

Table 1. Bacterial wilt severity of chili in response to
different Fluorescent Pseudomonad Pf-122 isolate
with organic fertilizer formulation

Formulation Disease Index

Powder 13.33 a
Granule 21.33b
Pellet 28.00c
Control 56.00 d

Granule Pellet  powder control
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Figure 1. Incubation period of bacterial wilt of chili in
response to different forms of organic fertilizer
with Fluorescent Pseudomonad Pf-122 isolate
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Figure 2. Disease development of bacterial wilt of chili
with different forms of organic fertilizer
containing Fluorescent Pseudomonad Pf-122
isolate

compared to other formulations. Moreover, the
powdered formulation can be applied directly to the
soil thus, the population of Fluorescent Pseudomonad
Pf-122 isolate can grow faster than the other
formulations. Furthermore, there are biological agents
in the Fluorescent Pseudomonad Pf-122 isolate
powdered formulation that can be developed due to
high porosity conditions, unlike pellets and granules
thus, having an adequate oxygen demand and higher
bacterial population. This also confirms the findings of
Palleroni (1984), that bacterium Pseudomonas
fluorescens is an obligate aerobic bacteria.

Fluorescent Pseudomonad Pf-122 Isolate and OF formulation 15



Furthermore, increased surface area of the contact
may have influenced the effectivity of Fluorescent
Pseudomonad Pf-122 isolate. As observed, the less
compact the Fluorescent Pseudomonad Pf-122
islolate in form, the lower the disease severity of
bacterial wilt. This allows the Fluorescent
Pseudomonad Pf-122 isolate population to be
exposed to sufficient oxygen level thus, promoting
propagation. This also justifies the findings of Palleroni
(1984) that Pseudomonas fluorescens is an obligate
aerobic bacteria. In addition, other bacteria that have
potential phosphate solvent are Pseudomonas and
Bacillus. Some saprophytic bacteria that act as
biological control agents for bacterial wilt disease are
Pseudomonas fluorescens in tomato, potato and
eggplant, and Pseudomonas sp. in chilli (Saddler
2005). Moreover, bacteria have the capability to
stimulate systemic resistance in plants to produce
phytohormones, dissolve inorganic phosphate, and
increase the binding of Fe with siderophores (Podile
and Kishore 2007; Haas and Defago 2005).

CONCLUSION

The most effective formulation of Fluorescent
Pseudomonad Pf-122 isolate with organic fertilizer to
enhance the resistance of chili to bacterial wilt is the
powdered form.
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This research aimed to identify the best substitute materials for oyster nursery medium and
analyze the mycelial growth of mushrooms. The materials used for the major medium were
seeds while for the starter medium were agro-industrial wastes. The experiment consisted of
two factors. The first factor was corn seeds (major medium), kapok seeds, and Leucaena seeds.
The second factor was agro-industrial wastes which consisted of three kinds viz. bran (major
medium), soybean seed coat and tofu wastes. The results showed that both seeds and
agro-industrial wastes were potential medium and can be used for growing oyster mushrooms.
These responses were because seeds contain fiber and lignin and agro-industrial wastes
contain essential nutrients required for the growth of the oyster mushrooms. Corn seeds were
more effective in supporting the growth of mushrooms when mixed with any of the three
agro-industrial wastes. On the other hand, kapok seeds were better than Leucaena seeds
because it contains more fiber and carbohydrates. It also contains high nutritional value of
about 32.7% protein and 16.7% fiber. For the industrial wastes, bran contains 10% carbohydrate,
7.5% protein, 2.25% fat and up to 7.5% variety of minerals (Nursiam 2012). Tofu waste contains
enough protein to stimulate early mycelial growth. It contains about 414 kcal energy, 26.6 g
protein, 41.3 g carbohydrates, 18.3 g fat, 19 mg Calcium (Ca), 29 mg Phosphorus (P) and 4 mg
Iron (Fe). The medium made from kapok seeds and bran (T3L1) and kapok seeds and tofu
wastes (T3L2) were able to support the mycelial growth with a speed of 0.39 cm d' and
0.36 cm d™, respectively. An increase in the weight of mycelium by 1.56 g d™' and 1.93 g d' was
observed in T3L1 and T3L2, respectively. Corn seeds can be substituted to Leucaena and kapok
seeds as a growing medium for oyster mushrooms whereas bran can be substituted to tofu

waste and soybean seed coat.

Keywords: agricultural waste, mycelial growth, nursery substrates, oyster mushroom

INTRODUCTION

One attribute of a good nursery is the capability to
produce high quality oyster mushrooms that can
adapt to a wide range of environmental conditions
(Amni 2005). More so, one of the factors that can
contribute to the success of the nursery is the choice
of medium. Thus, nutrient availability in the raw
material medium is important as it is critical for the
cultivation and maintenance of oyster mushrooms.
This has also something to do with the C and N ratio
values, which are two equally important elements,
responsible for the growth and development of oyster
mushrooms. Moreover, there are two kinds of
medium being used in the nursery, one is the major
medium which serves as a supplier of lignin and
second is the medium starter which supports the
growth rate of the mycelium (Wuye 2013).

Other than sawdust, woods and seeds/grains can be
used as medium for culturing and growing mycelium.
According to Fithrawan (2010), these grains have
high rate of success and are inexpensive and easy to
produce. The commonly used grains are rice, corn
and soybean flour. Moreover, the main advantage of
grain is the high availability of nutrients that can be
used for the growth of the mushroom. However, the
drawback is the high risk of contamination.

Widiwurjani & Guniarti

The major and starter medium can be all made from
seed grains such as corn, sorghum, soybean, rice and
other material like sawdust. Hamdiyati (2012) explains
that spawn F1 is the result of the generations of PDA
seed. Furthermore, Leucaena and kapok seeds can
be used as major medium which supply lignin to the
culture and serve as a substitute for corn. On the
other hand, starter medium can be made from
selected agro-industrial wastes such as tofu waste
and soybean seed coat as substitute for bran. All
these materials are mixed together as one to form a
rich nutrient-growing medium and be able to produce
high quality oyster mushrooms.

This research focused on making a nursery medium
from different grains and agro-industrial wastes. The
study also aimed to get the best medium that would
allow mycelial growth and produce high quality oyster
mushrooms.

MATERIALS AND METHODS

Growing medium

The treatment consisted of two types of medium, the
main medium and the starter medium. The main
medium served as factor 1 which consisted of corn



seeds (major medium), kapok seeds, and Leucaena
seeds. The starter medium served as factor 2 which
consisted of bran (major medium), soybean seed coat
and tofu wastes. The experiment was laid out in CRD
and replicated three times.

Parameters Measured

Horizontal Mycelial Growth Speed (HMGS). The
measurement for the HMGS was done using petri
dishes. In the petri dish lid, labels and patterns of
circles was made with the following radius: 1 cm, 2
cm, 3 cm, 4 cm, and 5 cm. Measurement of mycelial
growth rate (cm d™') was done every time the mycelial
growth reaches the boundary line of each circle.
According to Christinawati (2003), HMGS can be
computed using the formula:

size of mycelium in the petridish (cm)

HMGS =
the time taken by mycelium to meet the
size scale (day)
Vertical Mycelial Growth Speed (VMGS). The

measurement for the VMGS was done using small
bottles. The bottles were given a scale from the neck
down to its base. Marking lines were made with scale
ranging from 1cm to 25 cm with an interval of 1 cm.
Measurement of mycelial growth rate (cm d”') was
done every time the mycelial growth reaches the
interval boundary lines. According to Christinawati
(2003), VMGS can be computed using the formula:

size of mycelium in the bottle (cm)

HMGS =
the time taken by mycelium to meet the
size scale (day)

Mycelium and Seed Weight. The weight of
mycel ium and seed at the end of its growth was
calculated by getting the difference between the
weight of the bottle (with the mycelium and seed) and
the weight of the empty bottle used.

RESULTS AND DISUSSION

Mycelial Growth Speed

The observations on the mycelial growth rate of oyster
mushroom are presented in Table 1. Results showed
that mycelium can grow regardless of the medium
used in the experiment. However, the growth speed
was different among treatments. The combination of
Kapok seed and bran (T3L1) and kapok seed and tofu
waste (T3L2) did not show a significant difference in
growth with the other medium. In contrast, all the me-
dium made from corn seeds combined with all starter
medium made from agro-industrial wastes gave the
best result for mycelial growth (Figures 2 and 3).

The medium for growing oyster mushrooms in the
nursery consisted of several materials. The materials
that contain wood or lignin served as the main
ingredient for the growth medium of mushrooms
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Table 1. Average mycelial growth speed of oyster

mushrooms
Average growth speed
Treatment (cmd-) Ave
horizontal vertical

T 036c  040ab  0.38b
(maize + rice bran)
T1L2
(Com + Tofu Pulp) 0.34 bc 0.42b 0.38b
T1L3
(Corn + Soybean Seed Skin) 041c 041ab 0410
T2L1
(Leucaena + bran) 0.26 ab 0.33a 029a
T2L2
(Leucaena + Tofu Pulp) 0.35bc 0.36ab 0.36a
T2L3
(Leucaena + Soybean Seed Skin) 023a 0.38ab 031a
T3L1
(Kapok + bran) 037c¢ 0.41ab 0.39b
T3L2
(Kapok + Tofu Pulp) 0.36¢ 0.37ab 0.37 ab
T3L3
(Kapok +Soybean Seed Skin) 0.24a 0.34ab 0.29a
LSD 0.09 0.08 0.08

*values with the same letter within a column are not significantly
different at 5% LSD

whereas the materials that are rich in nutrients served
as a starter for the growth of molds. The use of corn
kernels mixed with either of the three starter medium
(T1L1, T1L2 and T1L3) gave the best result for the
speed of weight growth. This is mainly because corn
meal, according to Nursiam (2012), contains 73.7%
carbohydrates, 9.2% protein, 1% Ca, 2.56% P, 0.24%
Fe, and 0.0038% vitamin B1. Therefore, all these nu-
trients are good contributors for mycelial growth.

The medium derived from the kapok seeds
supplemented with a starter tofu waste, which is an
agro-industrial waste (T3L2), was also able to provide
mycelial growth. This, however, was not significantly
different with that of the rice bran that has been used
by farmers as a starter medium for growing oyster
mushrooms. Moreover, Leucaena seeds were
expected to give good mycelial growth due to its high
protein content. Unfortunately, this was not achieved
in the study. In a similar experiment conducted by
Wuye (2013), the medium mixed with straw shoots,
with a ratio of 2:1, had high protein content and yet the
production of mushroom was still low. This suggests
that the level of protein also affects the production of
mushroom. When the protein content is too high, it
could lead to a low production of mushrooms.
Conversely, kapok seeds are way better than
Leucaena seeds as it contain more fiber and
carbohydrates. Kapok seeds have high nutritional
value of about 32.7% crude protein and 16.7% crude
fiber (Siregar 1994). Furthermore, Taufik (2005) said
that the skin of the kapok seed is a waste obtained
from stripping the seed prior to the extraction of oil and
from the separation between the grain and kapok for
furniture industry uses (mattresses). Kapok seeds also
contain about 3-8% kapok limit in the form of cellulose

Widiwurjani & Guniarti
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Figure 1. Agro-industrial waste materials tested as a
medium for oyster mushroom nursery (A) Corn
Seed (control); (B) Leuceana seed; (C) Kapok
seed, (D) Bran (control); (E) Waste of tofu; (F)
soybean seed coat; (G) Sawdust

that can easily be digested. In addition, the chemical
content of kapok seeds are 91% dry matter, 4.1%
crude protein, 42% TDN, 64% ADT, 90% NDF, 47.8%
crude fiber, 1.7% crude fat and 2.8% ash.

On the other hand, not all types of raw materials are
suitable and can be used to grow and multiply oyster
mushrooms. One example is the use of oat seed as a
medium. Research showed that it was not suitable for
growing mushrooms because oat quickly softens and
disintegrates when washed, soaked, and when given
a pretreatment of prolonged submersion. In other
studies, it was observed that at the beginning,
mycelium could still grow well on the oat seed
medium, but it would eventually die on the 21" day.
Furthermore, other research also suggests the use of
millet seeds as it produce a compact mycelium colony,
pure white in color, and consistent growth. This is
mainly because the millet seeds contain proteins,
amino acids, fat, fiber, ash, essential minerals, and
vitamins that are good for the growth of mycelium
(Maziero and Zadrazil 1994; Sumiati and Djuariah
2005).

Mycelial Growth Weight

The results on the speed of mycelium weight gain are
shown in Table 2. Based on the observations, kapok
seed and corn seed medium (T3L1) (1.56 g d') and
kapok and tofu medium (T3L2) (1.93 g d”) had a
relatively lower weight obtained as compared to
control medium (T1L1) (2.07 g d™"). Thus, the medium
derived from the corn seeds gave the best result
among the others regardless of the kind of medium
starter used (Figures 2 and 3).

Different medium for growing oyster mushroom

Figure 2. Horizontal mycelial growth (A) 1 cm; (B) 2
cm; (C) 3cm; (D)4 cm; (E)5cm

3
. o -,
2 *) ° 0
B

Figure 3. Vertical Mycelial Growth (A) Early vertical
mycelial growth ; (B) Mycelia - 3 cm; ( C) My-
celia - 7 cm; (D) Mycelia - 10 cm

Furthermore, oyster mushrooms were able to degrade
lignin and make it as a source of energy for its growth.
However, it cannot grow well by just relying on a one
carbon source to degrade lignin. Thus, additional
carbon source is needed to degrade lignin and other
compounds. Moreover, the choice of agro-industrial
waste to be used in the growing medium is also very
important. A study on the use of arrowroot waste as a
growing medium reported that the starch content of
the arrowroot fiber cannot be decomposed by oyster
mushroom, thereby making the nutrients unavailable
for the mushrooms. However, oyster mushrooms
would require other source of compounds in the form
of cellulose, hemicellulose and lignin (carbohydrate
compound bonding B 1,4 glycoside) as the main
source of nutrition. As a medium, rice straw contains
high hemicellulose and fair cellulose and lignin. The
degree of polymer is much lower in rice straw, thus the
medium could be easily and quickly decomposed by
mushroom and the mycelium would grow well and fast
(Heryogya et al. 2010).

Rice bran can be used as a medium starter to supply
additional nutrients. Rice bran contains 10% structural
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Table 2. Average mycelial growth weight of oyster mushrooms

Weight and times of growth (g d-')

Speed of weight growth of mycelium (g d-1)

Treatment Horizontal Vertical Horizontal Vertical A
weight time weight time orizonta ertica verage
T1L1 (maize + rice bran) 23 14 75 30 1.64 ab 250b 2.07 ab
T1L2 (Corn + Tofu Pulp) 23 14 85 32 1.64 ab 266b 215b
T1L3 (Corn + Soybean Seed Skin) 25 13 75 32 1.94b 234 ab 213b
T2L1 (Leucaena + bran) 25 20 77 45 1.25 ab 1.71a 148a
T2L2 (Leucaena + Tofu Pulp) 24 15 69 40 1.60 ab 1.73a 1.66 ab
T2L3 (Leucaena + Soybean Seed Skin) 25 22 68 40 1.14 ab 170 a 142a
T3L1 (Kapok + bran) 25 20 69 37 1.25ab 1.86 ab 1.56 ab
T3L2 (Kapok + Tofu Pulp) 25 14 83 40 1.79 ab 2.08 ab 1.93 ab
T3L3 (Kapok + Soybean Seed Skin) 24 22 90 45 1.09a 2.00 ab 1.55 ab
LSD N 1453 0.843 0.77 0.66

*values with the same letter within a column are not significantly different at 5% LSD

carbohydrate, 7.5% total protein, 2.25% fat, and 7.5%
variety of minerals (Nursiam 2012). Tofu waste, on the
other hand, has enough protein to stimulate early
mycelial growth. Tofu is a food commonly consumed
by people in Indonesia. Tofu waste contains 414 kcal
energy, 26.6 g protein, 41.3 g carbohydrates, 18.3 g
fat, 19 mg Calcium (Ca), 29 mg Phosphorus (P), 4 mg
Iron (Fe) and 0.2 mg Vitamin B1 (Herdiyana 2012).

Another factor that affects the growth of mycelium is
the pH of the medium. The best mycelial growth
observed in this research was at pH 8. Similarly,
Wiardani (2010) explained that the level of acidity of
the medium affects the growth of mushroom. A pH of 8
produces heavier weight compared to pH 7 and
control. The average weight of mushrooms grown in a
medium with a pH of 8 was 32.60 g. Moreover,
according to Widyastuti and Tjokrokusumo (2008), the
acidity of the medium is very influential on the growth
of the oyster mushrooms. If the pH is too low or too
high, this could lead to a stunted oyster growth.
Thereby, the acidity of the medium should be
regulated between pH 6-7 by using a chalk (calcium
carbonate).

CONCLUSION

Leucaena and kapok seeds can be used as substitute
for corn seed as a major medium for growing oyster
mushrooms. Moreover, bran can be substituted by tofu
-waste and soybean seed coat. Also, corn seeds are
more compatible and effective when combined with
the three agro-industrial wastes such as bran,
tofu-waste, and soybean seed coat.
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Purple blotch disease caused by Alternaria porri (Ellis) Cif. is one of the major diseases in shal-
lots, with yield losses reaching as much as 40% (Wahyuno et al. 2003). Chemical and physical
disease control measures, as well as the use of resistant varieties against purple blotch disease
have not achieved satisfactory results in minimizing damage on shallot. This research explored
the potency of various types of phylloplane and phyllosphere fungi as microbial antagonist to A.
porri infecting shallot crops. Shallot samples were taken from several shallot-planting areas in
Probolinggo, Malang, Kediri and Nganjuk District. The experiment was conducted from
September 2009 to January 2010 at the Plant Pest and Disease Laboratory, Faculty of
Agriculture, UPN "Veteran™ East Java. Research survey was conducted in areas with an altitude
of 150-600 meter above sea level (masl). Exploration was done to get the phylloplane and
phyllosphere fungi from several varieties of shallot crops of different origins. The results
showed that the most prevalent species found in all districts were Penicillium and Stemphylium.
Analysis of phylloplane fungal diversity from Malang and Probolinggo isolates showed diversity

index value of 2.99 and 3.54, respectively.

Keywords: Alternaria porri, antagonism, phyllosphere and phylloplane fungi, saprophytic, shallot

INTRODUCTION

Purple blotch disease caused by Alfernaria porri
(Ellis) Cif. is one of the major diseases in shallots,
with yield losses reaching as much as 40% (Wahyuno
et al. 2003). Chemical and physical disease control
measures, as well as the use of resistant varieties
against purple blotch disease have not achieved
satisfactory results in minimizing damage on shallot.
In addition, chemical fungicides pose hazards to the
environment and human health. Chemical control
could also lead to development of pathogen
resistance and dwindled diversity of non-target
organisms (Khamna et el. 2009). The use of
biocontrol agents against pathogens is an established
method of managing diseases with minimal negative
environmental impact. Saprophytic fungi have shown
potential antimicrobial properties against pathogenic
fungi, and are therefore promising biocontrol agents.
This research explored the community of various
types of phylloplane and phyllosphere fungi on shallot
crops and their potency as microbial antagonist to
A. porri.

MATERIALS AND METHODS

Experiment Site

The experiment was conducted from September 2009
to January 2010 at the Plant Pest and Disease
Laboratory, Faculty of Agriculture, UPN "Veteran"
East Java. Research survey was conducted in areas
with an altitude of 150-600 meter above sea level
(masl). To get the phylloplane and phyllosphere fungi
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from several varieties of shallot crops of different
origins, the samples of disease plants were selected
from healthy plant in crop planting area.

Sampling. Shallot samples were taken from
several shallot-planting areas in Probolinggo, Malang,
Kediri and Nganjuk District. Samples were selected
from healthy plants growing among diseased plants.
Five samples per variety and location were selected
and brought to the laboratory for isolation of sapro-
phytic fungi.

Isolation of Saprophytic Fungi. Phylloplane and
phyllosphere fungi were isolated based on the method
by Mohamed and Abdel (2001). Healthy leaves
which were cut into 1 cm fragments, washed with
sterile water and dried by clamping between sterile
tissue paper, were planted on potato dextrose agar
(PDA) media with antibiotics to prevent bacterial
growth. Fungal colonies that developed were counted,
isolated and purified.

Isolation of Pathogen. A. porri was isolated from
the leaves of shallot plants with purple spots. Leaves
with spot were cut, washed in 70% alcohol followed by
sterile water before planting on PDA media. The grow-
ing colonies of A. porri were isolated and purified.

Analysis of Diversity
Species diversity of isolated colonies of saprophytic
fungi was analyzed using diversity indices calculated



using Simpson’s Diversity Index equation (Oka 1993):
D= N(N-1)/Zn(n-1)

where:
D = index of diversity
N= total number of individual
n = the individuals of each species

Antagonism Test

Phylloplane fungi of shallot obtained from purified
cultures using 0.5-cm diameter cork bore were tested
for antagonism against A. porri by inoculating on PDA
medium .

Observation of the culture was made daily at 2-7 d
after inoculation. The diameter of the A. porri colonies
was measured and used to calculate inhibition of
colony growth caused by the fungal antagonists.
Percent inhibition was computed using the formula:

P= (R1-R2)/R1 x 100%

where:
P = % inhibition of A. porri
R1 = radius of the A. porri colony without
phylloplane fungi
R2 = radius of the A. porri colony grown with
phylloplane fungi

Identification of Saprophytic Fungi

Phylloplane fungus with the highest antagonistic effect
on A. porri was selected and identified using
conventional dichotomous key determination based on
morphological characteristics of both mycelia and
spores, colony color, colony growth rate, and other
properties (Alexopoulos and Mims 1979).

RESULTS AND DISCUSSION

Identification and diversity of phylloplane fungi
There were seven major phylloplane fungal species
identified from the different shallot varieties sampled
from various districts in East Java (Table 1). The most
prevalent species found in all districts were Penicillium
and Stemphylium. Analysis of phylloplane fungal
diversity from Malang and Probolinggo isolates
showed diversity index value of 2.99 and 3.54,
respectively (Figure 1). While from Nganjuk, the
diversity index was not reported since it was very low.
Also, from Kediri, the colony diversity could not be
differentiated well because of domination by
Trichoderma colony. The low diversity of phylloplane
fungi in Nganjuk and Kediri was probably because this
area had more rainfall than Probolinggo and Malang.
The average rainfall and rainy days in Nganjuk, Kediri,
Malang and Probolinggo are 105 mm, 6 HH; 121 mm,
7 HH; 30 mm, 8 HH; and 22 mm, 5 HH, respectively.
The distribution of rainfall and rainy days in Nganjuk
and Kediri showed that the study area is classified as
wet climate with relatively high rainfall. In areas where
rainfall is higher, farmers apply more chemicals.

Potency of phylloplane fungi to purple blotch disease

Table 1. Saprobic fungal species isolated from different
shallot varieties from various districts in East Java

Isolate
L . Saprobe
District Variety
Gliocladium sp.
Probolinggo Lancur biru Stemphylium sp.
Penicillium sp.
. Penicillium sp.
Malang Philip .
Fusarium sp.
Thailand Penicillium sp.
Nganjuk Philip Fusarium sp.
Majalengka Stemphylium sp.
Trichoderma sp.
Bauiji Penicillium sp.
Stemphylium sp.
o Curvularia sp.
Kediri .
Stemphylium sp.
Thailand Curvularia sp.
Fusarium sp.
Trichoderma sp.
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Figure 1. Colony color diversity of phylloplane

fungi from Malang (A) and Probolinggo
(B) shallot samples
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Figure 3. Diversity of colonies of Phylloplane fungi
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Figure 4. Inhibition potential of phyllosphere fungi
against Alternaria porri after day 7

The index values suggest that fungal species diversity
on the leaf surface of the samples is low, which could
be due to the selective effect of fungicide treatment in
shallot crops. The use of fungicides can reduce the
number of species of phylloplane saprobic fungi
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Figure 5. Diversity of colonies of Phylloplane fungi
(lower side) against A. porri colony (Upper
side) on PDA media

present on shallot crops (Blakeman and Williamson
1994). If the diversity becomes low, one or two
species can become dominant (Oka 1995; Price
1997), and this decreased diversity could lead to
instability of the community system, as high diversity
promotes environmental stability (Price 1997; Pielou
1975). The dominance of Penicillium and Stemphylium
also suggests the instability of shallot-growing
environment.

Colonies of all phylloplane fungal isolates were velvety
to downy or powdery in texture. They showed various
shades of black, white, gray, brown, green, yellow,
most commonly blue-green to grey-green with narrow
border of black, yellowish, white, and brown (Figure 3).

Antagonism tests showed that phylloplane fungi
inhibited pathogen growth (Figure 4). Trichoderma sp.
isolate from Kediri and Penicillium sp. isolate from
Nganjuk inhibited the growth of A. porri by more than
30% in the first observation. Other species inhibited
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more than 30% A. porri growth in the succeeding
observations. Figure 5 indicated the inhibition of
Trichoderma through antibiosis mechanism as seen
on the free zone between the two colonies.

CONCLUSION

The observation of antagonism tests showed that
Trichoderma sp. and Penicillium sp. inhibited fungal
colonies of pathogenic fungi by antibiosis, while the
other fungi inhibited the growth of A. porri by
competition. Trichoderma sp. and Penicillium sp. have
better antagonist potency against A. porri than the
other phylloplane fungi.

The diversity of fungal species of phylloplane saprobe
on shallot crops from the four districts is relatively low.
Dominant species was Penicillium sp.. Based on the
inhibition test, Trichoderma sp. and Penicillium sp.
were the most potent antagonists against A. porri, via
antibiosis mechanism.
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Endophytic bacteria are important microorganisms that are potential biocontrol agents for many
pathogens. Its growth requires the use of semisynthetic or synthetic medium, the ingredients of
which make it difficult for farmers to use in the field. It is also expensive for propagation as
biocontrol agents. The study focused on identifying natural ingredients as medium for growing
the endophytic bacteria. The medium developed have natural ingredients like soybean, chicken
broth, egg, worms, snail, and sorghum, which are easy to obtain by farmers. The factors were
arranged in completely randomized factorial design for four isolates of endophytic bacteria from
solanaceae in Malang, Indonesia, and five natural ingredients for the medium-corn flour,
soybean flour, sorghum flour, snail flour, and worm flour. Result of the study showed that the
bacteria grew in all of the media used. There is no difference in the incubation period, color,
shape, and surface colony. However, the population in the snail flour medium at 107 cfu mL™" is
the highest (7.5x10° cfu mL™), thus, the best medium for growing endophytic bacteria.

Keywords: endophytic bacteria, biocontrol agents, natural medium, propagation

INTRODUCTION

Endophytic bacteria have been found in every plant,
where they colonize the internal tissues of their host
plant and can form a range of different relationships
including symbiotic, mutualistic and commensalistic.
Endophytic bacteria can also be beneficial to their
host by producing natural products that have potential
for agricultural use, having been isolated from flow-
ers, fruits, leaves, stems, roots and seeds of various
plant species (Christy and Sudha 2014; Kobayashi
and Palumbo 2000).

Growth of endophytic bacteria are influenced by the
medium and other growth factors. Growth factors are
required by cells in small amounts because they fulfill
specific roles in biosynthesis. The need for a growth
factor results from either a blocked or missing
metabolic pathway in the cells and can be added to
culture media that are used to grow bacteria. Use of
culture in liquid or solid medium depend on the
purpose. It may be classified into several categories
depending on their composition or use. Chemical
(synthetic) medium is one in which the exact chemical
composition is known, while semisynthetic medium is
one in which the exact chemical constitution of the
medium is not known (Todar 2012). Growth of
bacteria also influenced by diversity of nutritional
types found among bacteria like an organic salt,
carbon, an organic nitrogen, amino acid, and vitamins
(Goyal 2007) but the medium is usually expensive.

Endophytic bacteria as biocontrol agents of
pathogens in Malang, Indonesia need a growing
medium with a composition that is easy to use and
inexpensive for propagation by farmers in the field.

A Purnawati et al.

Based on the problem, natural materials such as corn
flour, soybean flour, sorghum flour, snail flour, worm
flour were used as media. All of them contain growth
factors such as organic and inorganic elements,
vitamins and other elements (Ahmad 2002; Syatrawati
2008).

The objective of this experiment is to study different
natural media for growing endophytic bacteria from
solanaceae in Malang, Indonesia.

MATERIALS AND METHODS

The factors were arranged in completely randomized
factorial design for four isolates of endophytic bacteria
from solanaceae in Malang, Indonesia, and five
natural ingredients for the medium-corn flour,
soybean flour, sorghum flour, snail flour, and worm
flour.

Isolates of endophytic bacteria

Endophytic bacteria used for the experiment is a
personal collection of the lead author. The bacteria
culture used for the experiment was purified on NA
(Difco): 8 g L™, pH 7.0, within 24 hr.

Preparation of the natural medium

Corn flour. Corn was shelled and cleaned, then
dried for 1-2 d at 50 C until 15-18% moisture content
was reached. The corn was ground and sieved into
flour using a size 50 mesh.

Soybean flour. Soybeans were cleaned with
flowing water, then soaked for 4 h while squeezing to
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clean the epidermis. The soybeans were washed
again with water for 15 min and drained. The beans
were dried (1-2 d) then roasted for 10-15 min, and
ground to flour.

Sorghum flour. Cleaned sorghum seeds were
dried to 20% moisture content, soaked in water for 8 h,
and dried again to 16% moisture content.

Snail flour. Fresh snail meat were removed from
the shell then sun-dried for 3 d or by using a dryer until
it reached 14% moisture content. The dried meat was
milled and ground into flour.

Worm flour. Worms were washed and boiled in
water for 3 min, then drained. After draining, the
worms were cut into 1 cm pieces and washed again.
The pieces were oven dried at 500 C for 4 h and
mashed into flour.

Achatina flour. Achatina were allowed to stand for
2 d and 2 nights. Salt was added and stirred for 15
min, then drained for 15 min. After draining, it was
washed again and boiled for 20 min then drained and
dried. The process was repeated before the Achatina
were sliced and dried again before grinding into flour.

Incubation of the bacteria in the different media
For the experiment, 20 g L' were measured from each
flour sample. The medium is divided into liquid
(without added agar) and solid medium (with 20 g L™
of agar added). The media were sterilized using
autoclave at 121 C, 1.5 atm for 15 min and then 10 mL
of each sample is poured into a Petri dish. Endophytic
bacteria colonies were inoculated into the different
media then incubated at 28 C for 48 h. The incubation
period, color, shape, surface colony and population of
bacteria on natural medium using dilution technique at
concentration 10" cfu mL™", at 24, 48, 72, 96 h were
observed.

The data were subjected to analysis of variance and
differences in treatment means were determined using
LSD at 5% level of significant.

RESULTS AND DISCUSSION

Incubation within 24 h showed that the bacteria colony
in all natural medium is white and round with shiny
surface (Figure 1). Figure 2 shows that population in
each natural medium is indicator of growth while
Figure 3 shows the general pattern of growth. It
showed 4 growth phases namely: lag phase, log
phase, stationary phase and death phase. In
adaptation phase, bacteria requires nutrition for
growing, in log phase the growing is accelerated, in
stationary phase there is a balance between death
bacteria and growth bacteria, and in death phase the
number of dead bacteria is higher than the living.

Incubation period and bacterial colony are the same in
the natural medium as well as in the control medium,
because nutrition in the medium did not affect the
incubation period and the bacterial colony. Population

Medium for growing endophytic bacteria

of endophytic bacteria is different across media due to
the influence of the nutritional content in each medium.
Population in liquid media is higher than in solid
media, because the bacteria mixes with the liquid
medium, affecting the acceleration of cell division,
resulting in high population. Todar (2012) stated that
growth of bacteria is affected by major elements (C, H,
O, N, S. P, K, Mg, Fe, Ca, Mn) and trace elements
(Zn, Co, Cu, Mo). Razzak (2009) states that bacteria
will grow best on agar plates where air readily diffuse
into the colony, or on liquid medium that are shaken.
Todar (2012) states that there are other factors like
temperature, pH, and water activity that affect growth
of bacteria.

Based on Figure 2, population of endophytic bacteria
in both forms of media (solid and liquid) at 10" cfu mL"
is highest in medium with snail flour at 7.5x10°
cfu mL™" for liquid medium and 1.1x10° cfu mL™" for
solid medium followed by soybean flour, corn flour,
sorghum flour, worm flour and achatina flour.
Population (cfu mL") in solid natural medium are
6.9x10°% _6.7x10°, 6.5x10°% 7.0x10° and 7.4x10°% and
1.05x10°, 1.03x10° 1.02x10°, 1.07x10°, 1.06x10°in
liquid medium. Population in natural medium is
significantly higher than in control medium—Nutrient
Agar (NA) is 6.0x10° cfu mL™, Nutrient Broth (NB) is
1.0x10° cfu mL™. In all natural media, bacterial
population in liquid medium is higher than in solid
medium. An increase in population was observed at
the 24™ hour for all solid and liquid natural media, and
another significant increase at the 48™ hour. However,
there is no increase in population at 72™ until the 96"
hour.

Figure 3 shows that bacterial growth follow the pattern
of logarithmic curve and is divided into four phases-the
lag phase, log phase, stationary phase and death
phase. Bacteria begin to divide and perform metabolic
activity in the lag phase, 24 h after incubation. During
the log phase or exponential phase, 48 h after
incubation, bacterial mass and volume is increased;
growth is balanced and speed increases. In the
stationary phase, after 72 h, population begins to
decline. The number of dead cells increases until the
number of live cells equal the number of cells that die.
The number of living cells remains the same in this
phase, as there is no growth. In the death phase, after
96 h, the number of dead cells exceeded the number
of living cells. Despite this decline in living cells, the
number did not reach zero. A specific minimum
number of the remaining living cells last for a long time
in the medium.

The research conducted by Chikere and Udochukwu
(2014) mentioned the use of nutrient agar (NA) and
plate count agar (PCA), which cause increased counts
of endophytic bacteria and increased incubation time,
respectively. Counts obtained in NA were higher than
in PCA followed by the soil extract agar (SEA), which
had the lowest count and a longer bacteria lag phase
due to the low nutrient content in SEA. The PCA
formed more distinct colonies than NA and SEA.
During the incubation period, colonies appeared on
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Figure 1. Microscopic colony of endophytic bacteria in

natural medium (p.4.5x)

the NA even on the 7" day. This characteristic of the
NA to support a higher number of colonies for a long
period of time could be attributed to its nutrient
composition.

Typical growth curve of bacterial population can be
divided into lag phase, exponential phase (log phase),
stationary phase and death phase. In the lag phase,
when a microbial population is inoculated into a fresh
medium, growth usually does not begin immediately
but only after a period of time, which may be brief or
extended depending on the history of culture and
growth conditions. Exponential phase is the phase of
bacterial growth curve in which the bacterial cell
numbers double in each unit time period. When the
number of cells in an experiment is graphed on
arithmetic coordinates as function of elapsed time, one
obtains a curve with a constantly increasing slope. The
rate of increase in cell number is initially slow but in
later stage the cell numbers increases explosively.
The rate of exponential growth varies between
bacterial genera (i.e. Genetic characteristics of
bacteria) and is also influenced by environmental
conditions. Exponential growth does not occur in the
stationary phase because the essential nutrients of the
culture medium are used and waste products of
organisms build in the environment. In the stationary
phase there is no net increase or decrease in cell
number. Cell functions such as energy metabolism
and some biosynthetic processes go on. The death
phase starts when bacterial population reaches the
stationary phase, and the cells start dying. Cell death
may be due to cell lysis. This is also an exponential
process but much slower than that of exponential
growth (microbeonline.com 2013).

CONCLUSION

From the experiment, in all solid and liquid media

there is no difference in incubation period and colony.

Pulatlon in agar and Ilqwd medium with snail flour at
cfu mL™" concentration is the highest.
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PT Lautan Warna Sari (LWS) which produces modified starch-based raw materials at 200 tons
per day can now use biogas as energy alternative. The high content of waste biomass has high
economic value when processed into biogas. Proper waste handling only slightly remove the
odor. Based on field observation, the formation of gas is characterized by the emergence of gas
bubbles arising from the equalization basin. It raises the idea for managing and processing of
waste into biogas. Biogas reactor (digester) models are made of plastic polyethylene balloon
mounted on the anaerobic pond and placed half buried in the ground in order not to be
separated when the product reaches the peak bio gas. Biomass intake holes and drain holes
arranged to prevent blockage. The prototype digester used balloon model with a capacity of
17000 m>, biogas purification unit is equipped with a capacity of 5.8 m® min™. The application of
biogas as modified starch product dryers can replace the diesel fuel. The best production
capacity of 4.6 m® min™ in biodigester occurred at 35°C temperature condition. The ratio of
waste discharge to the flow of wash water utilizing the cassava as eddy currents was 1:0.5 and
was capable of producing 42% methane gas. Moreover, purifying the biogas increased the me-

thane gas content up to 73%.

Keywords: biogas, biomass, digester balloon, gas purifiers, modified starch

INTRODUCTION

PT (LWS) can produce modified cassava starch-
based raw materials with a capacity of 200 tons per
day or 40 tons of products. The high content of waste
biomass may have an economic value when
processed into biogas. However, the waste when left
alone causes environmental pollution in the form of
bad odor around the plant. Even proper waste
handling could only slightly remove the odor. Based
on field observation, gas is formed from the
equalization basin. This leads to the idea for
managing and processing the waste into biogas. In
addition to the liquid waste, industrial solid waste is
also produced which is being disposed off without any
treatments. Both types of waste are raw materials for
biogas, and the processing of them in digester
produces not only biogas but also solid residue that
can be used as fertilizer (Buren and Arnott 2004;
Reese and Thompson 2008), and a plan was
developed to combine the epidermis and solid
impurities. The methane content of the biogas
produced from wastewater treatment is low (<40%)
and this limits its use as dryer for modified starch
products. Biogas that comes out of digester still
contains a high amount of impurities and therefore
needs to be purified before it can be used directly to
dry modified starch products.

Waste water is produced from different processes of
production in the starch industry. These wastes are
produced from cassava washing, extraction,
separation, modified starch production, filtration, and
pressing. The waste contains organic substances
such as Biochemical Oxygen Demand (BOD) and
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Chemical Oxygen Demand (COD). The elimination of
the parameters allows the production of 80-90%
organic pollutants and formation of methane gas from
organic substances. The common types of biogas
reactors are: 1) fixed dome reactor, 2) floating reactor,
3) balloon reactor, 4) horizontal reactor, 5) hole land
reactor, and 6) ferro cement reactor. The balloon type
reactor which uses a plastic material, is widely used at
the household level since the cost of construction is
cheaper and more efficient (Mulyadi 2010). The
reactor consists of a section without a bulkhead and
serves both as digester and gas storage. The organic
material is located at the bottom because it has a
greater weight than the gas and it will fill in the cavity
above. University of UPN “Veteran” Jawa Timur did a
lot to develop and innovate the application of this type
of reactor but the design capacity was less than 20 t.
The factors to consider in the development of
bio-digesters include anaerobic environment and
temperature (30-50 C), that are important in the
growth of mesophilic bacteria.

The parameters which affect the operating conditions
of the bio-digester reactor (Dahlman 2012; Sadi 2010)
are: (1) the degree of acidity (pH) which should be
between 6.6-7.0 and should not be below 6.2; (2) the
ratio derived from the biomass ranging 25 -30; (3) The
nutrition which may include ammonia (NH3) as a
source of nitrogen, and minerals of nickel (Ni), Copper
(Cu), iron (Fe), phosphate (PO4), and zinc (Zn); and
(4) feed concentration wherein the recommended bio-
mass concentration should be from 0.26 to 0.3 kg L™ .



According to Mulyadi (2012), adding a digester mixing
function to obtain a homogeneous mixture of the
substrate increases the frequency of collisions and
turbulence so that the bio conversion will also
increase. The biodegradation process takes place in
two stages (Scott and Keddy 2006), anaerobic and
aerobic processes.

This study aimed to produce a detailed de3|gn and
prototype of a digester made up of 17,000 m? balloon
equipped models with moving bed purification adapted
to produce digester gas and to improve the gas
purification process by designing a fixed, compact and
adaptable gas digester which can utilize local
ingredients.

MATERIALS AND METHODS

Raw Material

The raw materials used in this study were obtained
from several parts of the PT LWS waste stream in
Lampung. The base raw material was 200 t d”'. The
different waste materials collected in the form of SO|IdS
or sludge were cassava mushy/wet at 500 kg d”,
cassava press at 10 t d”', slurry-off grade wet at 200
kg d™', epidermisat 4 t d" and solids at 8 t d”'. These
b|omass were the source of raw materials which were
converted into alternative energy, biogas, bio-ethanol,
and fertilizers in an anaerobic digester.

The calculations on the digester reactor was based on
the data adjusted for the potential raw materials and
the amount of waste biomass that were processed.
The optimum composition for the reactor wake was
80% biomass and 20 % liquid.

Equipment

The reactor design model of the balloon had two parts:
(1) the upper part which served as the site for the
breakdown of materials and biogas storage
(gasholder), and (2) the bottom part which served as
the home for both acid-forming bacteria and methane-
forming bacteria.

The digester used was built in the field and was
powered by PT LWS Lampung. The upper portion of
the biogas reactor was made of polyethylene while the
bottom portion was made of excavated soil. The
bio-digester reactor was equipped with a baffle which
stirred the mixture as the biomass feed tubs and
water enter the reactor. This allows a well mixing
process that could run well and has rapid gas
formation. The calculation of biogas produced in the
digester was based on the theory similar to the
prototype digester units.

The Biogas Fermentat|on Instrument with a volume
capacity of 17,000 m® consisted of 3 parts. The 1% part
was the framework units of permanent anaerobic pond
which was 1-2 m deep. The 2™ part is the balloon
digester unit which was prepared 3 times the size of
the anaerobic pond and had an area of 17,000 m?.

The 3™ part was the skeletal remain unit, constructed
from bricks that were arranged to resemble a tank with
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17,000 m® capacity. The skeletal remain unit served
as the foundation and support for the balloon digester
unit (Figure 1).

The biogas produced in the digester was directed
towards the purifying device and then stored in a gas
holder before it was used as a fuel burner (Figure 2).
The gas purifying equipment was designed and
constructed in the engineering workshop using the
appropriate technology of LPPM UPN "Veteran" East
Java.

The gas holder or reservoir was made of plastic while
the stabilizer tanks were made of Stainless Steel type
304 (SS 304). The gas purifying device was equipped
with SS 304 plumbing pipe with various sizes which
served as the primary network. The secondary
network was made of galvanized pipe which was
connected to the water heater. The burner for bio gas
production run semi-automatically and the equipment
were assembled automatically.

Products Usage

Modified starch industry waste (PT Tunas Jaya
Lautan, Teluk Dalem llir, Kecamatan Rumbia
Lampung Tengah) is used for biogas production in the
form of liquid waste from the chemical vacuum filter
processes, nonchemical vacuum filters, pressed
cassava, separator and laundering. The waste was
collected from the three settling ponds which were
arranged in series. Digester reactors used tangible
balloon. The biogas product was used solely by PT
LWS as modified starch dryer energy. Biogas quality
was improved through different treatments. One was
through the removal of hydrogen sulfide, water, and
carbon dioxide. Hydrogen sulfide gas is a toxic
substance which causes corrosion. Hence, the
maximum allowable concentration for hydrogen sulfide
gas was set to 5 ppm. Another treatment was the
removal of carbon dioxide content. And the last was
the removal of water content in the biogas to lower the
ignition point and prevent corrosion on biogas.

Meanwhile, the sludge digester products can be
processed into solid and liquid organic fertilizer using
an extractor and continuous granulator. These
activities allow the production process to become
efficient and have zero waste.

Digester Optimization

The requirements of the test equipment were
determined. The instruments were calibrated using
flow meter and manometer. The anaerobic
fermentation of biomass were analyzed by determining
the levels of the resulting gases such as methane,
carbon dioxide and the gas time-out through gas
chromatography (GC). The gases formed from the
fermentation process were subjected to purification
which was carried out by using gas absorber
equipment This equipment absorbed H,S gas formed
in water. The process was based on the solubility of
H,S gas at 320 cc gas 100 cc H,0O™'. The CO, reacted
directly with NaOH solution while the CH,4 gas did not
react with NaOH. The reaction is presented in the
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following equations:
COyq + NaOH (g

= NaHC03(aq) (a)
NaOH (aq) t NaHCO:;(aq) =

Nach3(s)+H20(/) (b)

From equations (a) and (b), the derived equation is:
COz(g) + 2 NaOH (aq) = N82C03(5) + H,0O ) (C)

Based on equation (c), the reaction of CO, with NaOH
leads to a lower ratio of CO, to CH4 concentration.
Each adsorber column contained zeolites and silica
solids which served as absorbent to the residual gases
that which were not absorbed in the previous tool. The
energy contained in biogas depended on the
concentration of methane gas. The higher the content
of methane gas, the greater the temperature required
to heat the biogas.

The average biogas production was 4.8 m>. The
quality of biogas was obtained from 3 sampling times.
The methane, water, and carbon dioxide content of
biogas were determined before and after the
purification process.

RESULTS AND DISCUSSION

Biogas formation was slow during the initial production
process, hence, there is a need to accelerate the
growth and formation reactions. It is necessary to
effectively stir the reactant materials to increase the
collision of materials. Then the digester liquid from the
water used in the process could flow to wash cassava.
The quality of waste water obtained from these
processes was shown in Table 1. In PT LWS'’s site,
there were 4 sources of waste water, each with its own
characteristics. All the waste water then flowed
together into the digester to be processed into biogas.

The physical and chemical properties of the waste
water from the water digester when released into the
aerobic pond is shown in Table 2. These values
indicate good performance of the anaerobic digester in
decomposing the organic pollutants. It is important
because the waste water cannot be released into the
receiving water body unless it meets the quality
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Figure 1. The left (a) and right (b) side of the skeletal remain unit of the digester

Figure 2. The biogas purifying device

standards of Total Suspended Solid (TSS). These
conditions correspond to the conditions on the ground
at the aerobic pond.

E Mulyadi et al.



Table 1. Physical and chemical properties of the waste water from PT LWS equipment

Parameter Max allowable limit Method
No. Source oH coD TSS oH cop TSS oH cop TSS
(mgL™) (mgL™) (mgL™) (mgL™) (mgL™) (mgL™)
SNI 06- SNI 06- SNI 06-
1 Starch Separator 447 6899.2 950  6-9 300 100 6889.11-  6889.15- 6889.3 -
2004 2004 2004
. SNI 06- SNI 06- SNI 06-
S;fg;e”t tanks for 3.41 6522.9 110  6-9 300 100 6889.11-  6889.15- 6889.3 -
2004 2004 2004
SNI 06- SNI 06- SNI 06-
3 Tapioca purifier 6.48 533.1 1120 6-9 300 100 6889.11-  6889.15- 6889.3 -
2004 2004 2004
Accumulator of waste SNI 06- SNI 06- SNI 06-
o ol 483 1285.8 830  6-9 300 100 6889.11-  6889.15- 6889.3 -
2004 2004 2004

Table 2. Physical and chemical properties of the released waste water from water digester

Parameter Max allowable limit Method
No. Source CcoD TSS coD TS coD TSS
PH gy mery PR mgry  meLy  PH (mg L) (mg L)

1 From digester to SNI 06- SNI 06- SNI 06-
aerobic pond 7.79 2195 300 6-9 300 100 6889.11-  6889.15- 6889.3 -

2004 2004 2004
2 From aerobic pond, SNI 06- SNI 06- SNI 06-
discharged into the 7.81 62.72 130 6-9 300 100 6889.11 - 6889.15 - 6889.3 -

river 2004 2004 2004

These conditions indicate proper water quality to be
discharged into receiving water bodies, and is even
good enough to be recycled and reused. Thus it
shows the quality of environmental management
leading to zero waste. The process of formation of
methane gas (CH,4), which occurs in an anaerobic
digester, shows perfection in the process of
biodegradation of organic pollutants by utilizing
anaerobic and aerobic bacteria and bacterial
acidogenic methanogenic. Furthermore, the methane
gas in the purification process was used as fuel for
drying starch modification.

The average methane, carbon dioxide, and water
content of the biogas before and after the purifications
is presented in Table 3. The table shows significant
methane content increase after the purification, which
means the biogas is much more ready to be used as
fuel.

The biogas formed and the percentage of component
gases as influenced by the varying ratio of waste
water flow are shown in Table 4. The rate of raw
material production was 80 ton d™ when the study was
initiated. The gas pressure in the reactor digester,
biogas production and gas content (%) were
influenced by the ratio of the addition of wash water
flow. The gas product of the raw materials increased
with increasing fermentation time. The levels of
methane gas (CH,) increased with the increasing
duration of the fermentation process, until it reached
the maximum value on d 12 and a decreasing trend
can be observed afterwards. Biogas is utilized by PT

Figure 4. Aerobic pond after anaerobic process in the
digester

Production of biogas and liquid fertilizer from starch waste 33



LWS only as energy dryers and modified starch
products with an average production rate of
4 m* min™". Considering that this value is equivalent to
the energy need of modified starch factory of PT LWS
which is 60 L h™" of diesel fuel or 350 kg hr” firewood,
then biogas can be an alternative energy source to
diesel or firewood which are commonly used to
provide energy to dry flour. Biogas has an advantage
over diesel and firewood because it generates clean,
blue flame and is able to stabilize the temperature of
the drying process, which in the end increases the
efficiency of the process by more than 27%. Methane,
the main component of biogas has enough heating

Table 3. Composition of biogas before and after

purification
Digester product Percent
Component concentration (%) concen_tr_atlo_n after
purification
Methane 42 73
Carbon dioxide 41 6.0
Water 8 0.04

Table 4. Biogas and the amount of component gases
produced in response to the varying proportion
of discharged waste water from the digester

Proportion Proportion in biogas (%)
of the ) Gauge Biogas
vv»‘l’z;sst: T('g;e Pressure product
water flow (mmH0)  (m3 min-) CH, CO; water
Raw (Part)
1 4 0.75 12 40 10
4 22 11 26 32 12
1.0 8 66 18 34 29 7
12 72 24 40 23 12
16 80 26 40 29 9
1 4 0.8 16 36 1
4 34 1.2 30 22 6
1:0.25 8 88 24 36 23 9
12 89 38 45 19
16 88 29 42 26 12
1 6 0.92 20 40 12
4 75 15 34 30 9
1:0.5 8 90 28 40 33 1
12 95 4.6 48 40 10
16 90 36 44 42 9
1 10 0.95 22 42 1
4 77 15 38 36 12
1:0.75 8 97 34 39 40 1
12 102 44 44 49 13
16 93 3.8 44 47 9
1 10 1 24 52 8
4 80 14 39 50 1
1:1 8 95 36 41 54 10
12 100 4 47 59 7
16 90 38 40 60 8
34

value of about 6200 kcal m™. Pure methane gas has a
caloric value of 8900 Kcal m™. The initial production of
methane gas contained in the biogas occurred when
the tapioca industrial waste was digested for 5 d and
the peak of methane production occurred at 16 d. The
by-product of biogas could be used as solid and liquid
organic fertilizers.

Table 4 shows the varying amount of methane and
carbon dioxide in the produced biogas in relation to
the proportion of the raw materials. In addition to the
waste from four sources as explained before, leftover
water from an earlier process of cassava washing
could also be mixed with the waste to increase the
amount of produced biogas. The proportion between
the waste and the leftover water is shown in the first
column, and it can be seen that the amount of the
waste remains constant at 1.

CONCLUSION

This study on the biodegradation of modified starch
industry waste water with anaerobic process in
digester has drawn the following conclusion:

1. The digester can be designed to produce 17,000 m®
of methane from tapioca waste when the process is
accompanied by eddy circulation.

2. The formation of biogas in the digester can
completely eliminate odor pollution around the plant
and can degrade the toxic COD more than 100 times.
3. Once the biogas is purified and becomes odorless,
it can be used as an alternative fuel for diesel and
firewood in tapioca industry.
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Twisting disease caused by Fusarium oxysporum f.sp. cepae, showed the highest disease
intensity average of 77.90% in shallot grown in the paddy fields of Nganjuk manifold Vertisol
soil, without rotation with rice, during rainy season. The symptoms of twisting disease on
shallot caused by Fusarium oxysporum f.sp. cepae in some shallot production centers vary
widely. This raises the suspicion that there are differences in virulence caused by VCG
differences in pathogen isolates. Thus, the aim of this study was to obtain isolates of Fusarium
oxysporum f.sp. cepae from plant materials collected from several shallot production centers
and determine if the isolates obtained are from the same VCG group or not. To obtain the
isolates of Fusarium oxysporum f.sp. cepae from diseased plant tissue, selective media is
used in the isolation method. The Vegetative Compatibility Group (VCG) test of Fusarium
oxysporum f.sp. cepae isolates was conducted by pairing nitrate nonutilizing (nit) mutants that
are generated on media containing 1.5-4.0% potasium chlorate. There were 8 isolates of
Fusarium oxysporum f.sp. cepae taken from the symptomatic cultivar varieties in the central
areas of shallot production. It was found that among the 8 isolates of Fusarium oxysporum
f.sp. cepae, only 4 of them have different VCG. These four were characterized as the four of
different Ras, isolates A, B, C and D and Ras 1, 2, 3 and 4.

Keywords: Fusarium oxysporum f.sp. cepae, shallot, twisting disease, vegetative compatibility group

INTRODUCTION

Fusarium oxysporum is a common soil borne plant
pathogen with a worldwide distribution. Strains of
Fusarium oxysporum have been divided into formae
speciales on the basis of virulence on a particular
host or group of hosts. Further subdivisions of formae
speciales into races often are made based on
virulence to a particular set of differential host
cultivars that vary in disease resistance (Corell 1991).
Within species, however, there is a high level of host
specificity with over 120 described formae speciales
and races capable of causing vascular wilt diseases
of many agricultural crops (Amstrong 1981).

Twisting disease caused by Fusarium oxysporum
f.sp. cepae, showed the highest disease intensity
average of 77.90% in shallot when grown in the
paddy fields of Nganjuk manifold Vertisol soil, without
rotation with rice, during rainy season. The symptom
of twisting disease is pseudo stem and leaves that
grow longer and curved. The color of leaves is pale
green, but it does not wither. The bulb of sick plants
are smaller, and do not show any decay in the tuber
and root. On further conditions, the plants become dry
and die. In the field, twisting disease symptoms begin
to appear on the plant approximately within 20 d from
planting. Experiments in greenhouse showed that
twisting disease has an incubation period of 14 d.
Koch's postulates proved that Fusarium oxysporum
f.sp. cepae causes twisting disease (Wiyatiningsih
2012).

S Wiyatiningsih et al.

Strains of Fusarium oxysporum of various formae
speciales have been grouped on the basis of
vegetative compatibility. This approach provides a
means for characterizing subspecific groups based on
genetic composition of the fungus rather than the host
pathogen interaction. In addition, vegetative
compatibility allows the characterization of the non-
pathogenic portion of population (Puhala 1985).
Strains of Fusarium oxysporum can readily be tested
for vegetative compatibility by pairing nitrate non
utilizing (nit) mutants that are generated on media
containing 1.5-4.0% potassium chlorate (Correll et al.
1987; Puhala 1985).

Colony growth on this medium is usually greatly
restricted. After 7-14 days, fast growing, chlorate-
resistant sectors can usually be observed originating
from the initially restricted colony. When these
chlorate-resistant sectors are grown on a minimal
medium containing nitrate nitrogen as the only
nitrogen source, they have a thin typically of
expansive morphology with no aerial mycelium
indication of a nit mutant. Then nit mutants can be
phenotypically classified by their growth on a basal
medium amended with one of several different
nitrogen sources. Phenotypical district mutant
(particularly) nit 1 and nit mutant, when paired on
minimal medium containing nitrate as the sole
nitrogen sources, will produce a zone of wild type
growth (aerial mycelium) where the two nit mutant
colonies come in contact. This occurs as a result of
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hyphae fusion and nutritional complementation in the
heterokaryotic cells. This complemementation nit
mutant test can be used to test other strains for
vegetative compatibility. A heterokaryon can form only
between nit mutants of vegetative compatibility strains.
Thus, isolates that show vegetative compatibility
belong to the same VCG (Correll 1991).

The symptoms of twisting disease on shallot caused
by Fusarium oxysporum f.sp cepae in some shallot
production centers vary widely. This raises the
suspicion that there are differences in virulence
caused by VCG differences in pathogen isolates.
Thus, the aim of this study was to obtain isolates of
Fusarium oxysporum f.sp. cepae from plant materials
collected from several shallot production centers and
determine if the isolates obtained are from the same
VCG group or not.

MATERIALS AND METHOD

Isolation of Fusarium oxysporum f.sp. cepae
Plant tissues infected with moler disease of shallot
were collected from three different planting areas i.e
Bantul, Nganjuk, and Brebes regency. Diseased plants
were cleaned and disinfected using 70% ethanol,
chopped into 0.5 cm long and placed on sterile petri
dish lined with 3 cm diameter sterile filter paper. The
culture media Commad was poured into sterile petri
dishes to solidify before placing the diseased plant
sample on the media and allowed to incubate at room
temperature (28-30°C) for 3 d. After 3 d, the growth of
fungus was observed though the colony formed. The
media Commad was used because it is a selective
media for Fusarium oxysporum (Nelson et al. 1981;
Wakman 2004; Leslie and Summerell 2006). A single
spore from the growing fungus was taken out of the
PDA medium and isolated. This was done several
times until the original breed of fungus was obtained,
and then was identified both macroscopically and mi-
croscopically. Identification of the isolated fungus was
further done by observing the colony and microscopic
morphology in growth medium of Carnation Leaf-piece
Agar (CLA) (Leslie and Summerell 2007; Salleh B
2007 personal communication). The fungus that grew
on some pieces of carnation leaf in CLA media was
observed microscopically. Sporrodochium as a
macroconidium maker was observed to form on each
piece of carnation leaf. Some semi-permanent prepa-
ration was also made by taking some fungus colony
and mounting it on clean glass that contain drops of
lactophenol cotton blue dye. The colony in the dye
drops was then covered with glass flap and pasted
with nail polish. The fungus on the preparate was
observed and its morphology was drawn using
Olympus microscope CX31, micrometer 0.01 mm, and
image prism. The results from this observation was
then used as the identification base of fungus
morphology that would be isolated from the soil and
calculation of its population density by referring to the
morphological nature (characteristics) of fungus in
accordance with its bibliography.

VCG in pathogenic isolates of Fussarium oxysporum

Testing the Vegetative Compatibility Group (VCG)
of F. oxysporum f.sp cepae isolates.

This test was conducted to determine if the isolates of
F. oxysporum f.sp cepae obtained are from the same
group or not. Nit mutant of F. Oxysporum f.sp cepae
was obtained by inoculating the pure culture disc of
fungus in the minimal agar medium added by chlorate
(MCM). Culture was incubated at room temperature
for 7 d. Observation was done every day to know
whether the growth of fungus isolate was faster than
the colony of F. oxysporum f.sp cepae or if growth was
hampered. Then, all the fungus isolates were
transferred to the minimal agar medium (MM) with
fusarium. The isolate colony that grew thin and fast
and did not form air mycelium was nit mutant of F.
oxysporum f.sp cepae based on Corell et al. (2002).

The complementation test was conducted by
inoculating the breeding disk with the two nit mutants
obtained from the different parent with the range of 1-3
cm at the medium MM incubated at room temperature
for 7 days. Furthermore, the vegetative compatible nit
mutant could be complement one another by making
heterocarion at the medium MM that could be
observed from the molding of thick and compact
mycelium where the colony from the two nit mutant
touch (Corell et al. 2002).

RESULTS AND DISCUSSION

Isolates of Fusarium oxysporum f.sp cepae

Figure 1 shows the isolate of Fusarium oxysporum
f.sp. cepae taken from shallot plants with twisting
disease symptomatic from cultivars and central areas
of shallot production as follows:

A. Blue Cultivar was taken from the farmland of
Parangtritis, Bantul

B. Blue Cultivar was taken from the farmland of
Parangtritis, Bantul

C. Blue Cultivar was taken from the farmland of
Sanden, Bantul

D. Yellow Cultivar was taken from the farmland of
Kemurang Kulon, Brebes

E. Bima Cultivar was taken from the farmland of
Kemurang Kulon, Brebes

F. Bima Cultivar was taken from the farmland of
Kemurang Kulon, Brebes

G. Phillip Cultivar was taken from the farmland of
Ngadiboyo, Nganjuk

H. Bauji Cultivar was taken from the farmland of
Ngadiboyo, Nganjuk

Identification was done to make sure that the fungus,
as a result of isolation, was the pathogen of twisting
disease based on previous research which reported
that Fussarium oxysporum f.sp cepae was the
pathogen of twisting disease. Fussarium oxysporum
f.sp. cepae cultured in Potato Dextrose Agar showed
faster growth of colony with diameter larger than 2-5
cm are after 4 d, with its breeding color white up to
violet (pale purple).
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Figure 1. Isolate of Fusarium oxysporum f.sp.
cepae from different cultivar and central
areas of shallot production

Morphology of Fussarium oxysporum f.sp. cepae as a
result of isolation from the plant tissue of shallot with
moler symptom is presented in Figure 2. Fusarium
oxysporum fsp. cepae formed microconidium,
macroconidium and chlamidsphora. Based on the
observations in this study and the morphology of F.
oxysporum described by Joffe (1986) and Leslie and
Summerell (2006), this species had insulated hyphae,
microconidium and macroconidium. The shape of
microconidium was ellipse, having one or two cells,
was not false head, was formed in a simple fialid or
short lateral conidiophore and having a great number
of it. Meanwhile, the shape of macroconidium was
similar to cano having 3 septas with thin buttress, the
apical cell was crooked, slightly hook and the basal
cell section formed some cell similar to foot, about 25-
30 x 4.0-4.5 ym. Chlamidosphora had thick and
smooth buttress. It was formed intercalarily or termi-
nal at the branch of short lateral from mycelium.

Identification based on structural morphology of
asexual reproduction showed much variation on
structural nature/characteristics. This fungus was put
into Elegans section. Morphological isolation/splitting
showed little difference and the variations depended
much on its environment. Some specifications of host
(rhizome) of each isolate was very limited.
Furthermore, isolates and the same host (rhizome) or
similar was determined as one specialist form (Kistler
1997).

VCG of Isolates of Fussarium oxysporum f.sp.
cepae

This test was conducted to know whether the isolates
of Fussarium oxysporum f.sp. cepae were obtained
from the same group or not. Nit mutant of Fussarium
oxysporum f.sp. cepae was obtained by inoculating
the original breeding disk of fungus at a minimum level
to turn the medium of chlorate (MCM) into minimum of
the medium (MM). The colony of Fussarium
oxysporum f.sp. cepae having thin and fast growth and
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Figure 2. Morphology of Fusarium oxysporum f.sp. Cepa
(a) macroconidium; (b) microconidium; (c) chlamidospora

did not form an air mycelium was said to be a nit
mutant of F. oxysporum f.sp. cepae (Corell et al.
2002).

Furthermore, the test result showed that among the 8
isolates of F. oxysporum f.sp. cepae (Isolates A, B, C,
D, E, F, G and H), only 4 of them (Isolates A, B, C
and D) successfully formed nit mutant at the medium
of MMS. Therefore, only these 4 isolates could be
used as a vegetative test of compatibility group and
that only these 4 isolates could be characterized. The
nit mutant was marked by the thin mycelium formation
at the medium of MM (Figure 3A). Meanwhile, for
isolates that failed to form the nit mutant, the growth of
mycelium at the medium of MM was thick (Figure 3B).

The complementation test was conducted by
inoculating the breeding disk of the two nit mutants
obtained from the different parent at about 1-3 cm
using the medium of MM and incubated at room
temperature for 7 d. The vegetative compatible nit
mutant could make some complementation between
each other by forming heterokarion at the medium of
MM that could be observed from the thick and tight
formation of mycelium where the colony of the two nit
mutants touched (Correll et al. 2002).

S Wiyatiningsih et al.



Table 1. Vegetative compatible group from isolate of Fussarium oxysporum f.sp. cepae from Bantul (A, B, C),

Brebes (D, E, F) and Nganjuk (G and H)

Fusarium Fusarium oxysporum f.sp. cepae
oxysporum f.sp. cepae  |sojate A Isolate B Isolate C Isolate D Isolate E Isolate F Isolate G Isolate H

Isolate A X - - - X X X X
Isolate B - X - - X X X X
Isolate C - - X - X X X X
Isolate D - - - X X X X X
Isolate E X X X X X X X X
Isolate F X X X X X X X X
Isolate G X X X X X X X X
Isolate H X X X X X X X X

Note: -- No heterokarion formation; X: test of Vegetative Compatible Group was not conducted

Figure 3. The Test Result of Vegetative Campatibility Group between Fussarium oxysporum f.sp. cepae
of Isolates A,B, C, D (A) and Isolates of E, F, G, H (B).

Moreover, the observation result after 1 wk at the
medium of MM showed that among the 4 isolates
(isolates A, B, C, D), neither one was capable of
forming heterokarion. This implies that genetically,
these 4 isolates were different from one and
another. This meant that each had different Ras
(Table 1). Therefore, those 4 isolates could be
characterized as the four different ras: isolate A, B, C
and D as the Ras of 1, 2, 3 and 4.

CONCLUSION

Twisting disease occurred in the three central areas of
shallot production: Kabupaten Bantul, Kabupaten
Brebes and Kabupaten Nganjuk.

In those three central areas of shallot production, it
was found that among the 8 isolates of Fusarium
oxysporum f.sp. cepae, only 4 of them have different
VCG. These four were characterized as the four of
different Ras, isolate A, B, C and D and Ras 1, 2, 3
and 4.

VCG in pathogenic isolates of Fussarium oxysporum
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One of the problems in the cultivation of soybean is deficiency of nutrient elements. Deficiency
can be indentified from the appearance of symptoms on the surface of the leaves. However,
accurate identification requires expertise and some analysis. This study tried to create a quick
method to identify nutrient element deficiency based on color features on the surface of the
leaves. Deficiency of the major macro nutrients nitrogen, phosphorous, and potassium were
identified using Classification Method of K-Nearest Neighbour (K-NN) and Artificial Neural
Networks (ANN) Backpropagation. Since soybean leaf are usually green, the features that can
be used is green color from RGB color’s section (Red, Green, Blue). Characteristics used in the
study were: average intensity, smoothness, entropy, five of moment invariant, energy, and
contrast. Identification and classification were conducted on three primary nutrient elements
i.e. potassium, nitrogen, and phosphorous using 30 samples for each nutrient. The results
showed that the identification of nutrient element deficiency can be done by Classification
Method of K-Nearest Neighbour (K-NN) and Artificial Neural Networks (ANN) Backpropagation.
The accuracy of K-Nearest Neighbour was 69.44% and 77.78 % for Artificial Neural Networks

Backpropagation.

Keywords: ANN Backpropagation, K-Nearest Neighbour, nutrient elements, soybean

INTRODUCTION

Soybean (Glycine max L. Merrill) is an annual plant
that generally grow upright. Aside from soil physical
conditions, another very important factor to consider
in soybean growth is the fertility of the soil. Soil fertility
levels are influenced by the content or adequacy of
nutrients in the soil. As with other plants, according to
Adisarwanto (2000) soybeans also require macro and
micronutrients. Three macro nutrients; nitrogen (N),
phosphate (P) and potassium (K); are needed in
large quantity by almost plants. Nitrogen deficiency
reduced shoot growth in pistachio (Afrousheh etal.
2007). The characteristic deficiency sympton of N is
the appearance of uniform yellowing of leaves
including the vein. In dicotyledonous crops like
soybean the leaves detach easily under extreme
deficiency. Phosphorous is a limiting factor for crop
yields on over 30% of arable land on the planet
(Vance et al. 2003). Deficiency of phosphorous
decreased total leaves and roots of Vigna
subterranea (Temegne et al. 2015). Potassium is
regarded as one of the major nutrient which affects
the yield and quality of grain and fruits ( Ruiz and
Romero 2002).

Interpreting visual nutrient deficiency symptoms in
plant can be difficult because: (1) many symptoms
appear similar - nitrogen and sulphur deficiency
symptoms can be very alike; (2) multiple deficiencies
can occur at the same time; (3) crop species or some
cultivars differ in their ability to adapt to nutrient
deficiencies; (4) hidden hunger - plants may be
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nutrient deficient without showing visual clues; (5)
pseudo (false) deficiency symptoms (McCauley et al.
2011). The simple and inexpensive available tool to
identify nutrient deficiency symptoms based on
pictures requires expertise and some analysis. This
study offered alternative method using artificial visual
system, allowing the nutrient disorder at earlier
stages in soybean. Artificial visual system is a
computer system in which a set of methods and
techniques are able to interpret or asses images
automatically or semiautomatically (Punam and
Udupa 2001). It has been used in maize to identify
magnesium (Mg) deficiency (da Silva et al. 2014).
Sena et al. (2008) found that artificial visual technique
was better than a portable chlorophyll meter (SPAD)
to evaluate the difference of three nitrogen levels on
wheat (Triticum aestivum L.).

Knowing the important role of nitrogen, phosphorous
and potassium on plant growth and vyield, this work
proposed the use of Artificial Visual Analytic System
to identify the deficiency symptoms of the three macro
nutrients based on the leaf's features. The system has
been developed using soybean grown hydroponically
in greenhouse.

MATERIALS AND METHODS

Experimental Design and Treatment
The study was conducted at the Faculty of
Agriculture's greenhouse UPN "Veteran" East Java,
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using a hydroponic system (growing soyben without
soil using mineral nutrient solution in a water solvent to
control the nutrient uptake).

In this research, growing soybean by hydroponic was
done using a hollow pipe. A system for growing
soybean using hydroponic technique which meets the
requirement for adequate light, oxygen and water
circulation was developed. The technique include the
following: (1) Seed selection from a quality, healthy
and pest-free parent; (2) Preparation of planting media
using pipes designed for hydroponics cultivation.
Planting media can be a mixture of heat-sterilized
husk and sand pebbles; (3) Transplanting seedlings to
a growing media taking care not to damage the roots
formed, then watering the plants to provide moisture;
(4) Set-up the hydroponic cultivation technique. This
hydroponic technique is much easier and simpler than
conventional soybean cultivation where crop
management practices are routinely done such as
pruning, weed cleaning, and so on. Despitethe risk of
pests and disease attacks on low hydroponic plants,
available labor is sufficient just for fertilizer application
and irrigation done at the beginning of planting, 25
days after f planting, and at 40-45 days after planting;
5) harvesting which starts when the plants are 2.5 to
3-month old or when the leaves and pods turned
yellow.

Conventional cultivation of soybean, applies urea
(N = 46%), ZA (N = 21%), KNO3, NPK and high N
content fertilizer to correct N deficiency. For the
treatment of phosphorus deficiency, SP36 (P = 36%)
fertilizer, NPK, MKP and high content P fertilizer are
applied. Potassium deficiency is treated by adding KCI
(K = 52%) fertilizer, NPK, MKP, and high K content
fertilizer. (Keinoet al. 2015). Phosphorus deficiency
was characterized by the color of the lower part of the
leaves, especially the red leafy bones, curved, and
twisted (distorted) leaves. Leaves, branches and
stems are also purple. Lack of this element retards
root growth and affects flower formation. treatment of
Soybean plants deficient in potassium are
characterized by shrinking of the leaves, especially the
older leaves. The edges of the leaves turn yellow, then
brown and eventually die and fall off the plant.The
fruits formed are small and imperfect. The soybean
variety used in this experiment was Wilis. The amount
of NPK fertilizer applied was 2 g Urea, 0.5 g SP36 and
0.25 g KCL L™ water.

Single factor experiment consisting of pots with minus
one (pots 2, 3, 4) and minus two (pots 5, 6, 7) nutrient
elements was arranged in CRD (Table 1). Two-wk old
soybean plants were transferred in fertilized pots and
maintained until the end of the vegetative stage. After
which, plant samples were harvested, oven-dried at 70
C for 24 hr, then the dry weight was measured. Total
N content of plant tissue was analyzed by Kjeldhal
method, exchangeable K by NH4OAc method, and
available P by Bray Il method. Soil pH was measured
following the electrometric (pH: H20) method. The
results of the 2-month cultivation of soybean (Figure 1)
were used as basis for the dataset (test data).
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Table 1. Summary of the experimental treatment
nirogen, potassium, and phosphorous

of

Pl Treatment

Nitrogen

Potassium

Phosphate

Recommendation

Recommendation

Recommendation

1

2 Without Recommendation ~ Recommendation
3 Recommendation ~ Without Recommendation
4 Recommendation ~ Recommendation ~ Without

5 Without Without Recommendation
6 Without Recommendation ~ Without

7 Recommendation ~ Without Without

Image Texture Analysis

Image texture analysis is divided into 3 parts: first is a
statistical approach, second is moment invariant, and
the last is the co-occurrence matrix.

Statistical approach

Statistical approaches are commonly used approach
for texture analysis based on histogram statistical
intensity properties. One class of measurement is
based on the statistical moment. Calculation of the nth
moment about the mean is given by:

-1

H, = Z(:_,. —m) plz,) (1)
=0
Where z;i is a random variable indicating intensity, p
(z) is the intensity level histogram in the region, L is
the number of intensity levels available, the mean
(average) intensity calculated by the formula:

m=3 z,plz) @

Moment invariant

The size of the relative smoothness of the intensity in
the region. R is 0 for the region in a constant intensity
and close to 1 for the region with a large excursion in
the level of intensity. In practice, the variant used in
this measure is normalized in the range [0,1] by
division by (L-1) 2. Smoothness was calculated using
the formula:

R=1-1/(1+0?) 3)
Where o is the size of the standard deviation meas-
ured using the formula:

T =/ 1,(2) (4)

Entropy is used to measure the randomness of the
image intensity values, calculated by the formula:

L-1

e=Y p(z)log, p(z,) 5)
i=0

Moment Invariants 2-D Moment of order (p + q) on the
digital image f (x, y) is defined as :

My = ZZ’\.pJ'qf(xuV) (6)

X
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Figure 1. Plants from each of the fertilizer treatment used to obtain the test data and training data
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Figure 2. Artificial visual analytic system of primary nutrient element deficiency in soybean

Identifying nutrient deficiency in soybean based on leaf features




For p, g =0, 1, 2, ..., where the summation over the
spatial coordinates x and y are stretching the image.
The related central moments are defined as:

= S (=D (- f(x)) D)

where :

_ m
T =10 (8)
m,

m
01
©
g,

dan y =

Forp,q=0,1,2, ..., where:

{
My = hi (10)
Hoo

Normalized central moment from order (p + q) is
defined as:

y=2149 (11)

2
For p + q = 2, 3, ... A number of seven invariant
moments are not sensitive to translation, scale
change, reflection, and rotation can be derived from
the following equation:

G =10 + 10> (12)
By = (N0 —102)" +405 (13)
by = (130 —31,)" + By —110)° (19)
B, = Ny +11,5)" + (115, — 103)° (15)

bs = (1130 — 3112) (1130 + M) (130 + 1712)°
—3(1721 +1703) "1+ 311+ 103) (1121 +1703)
[30750 +1,5)° = (172, +1755)° 1 (16)

s = (N30 + 11039 + 171507 = O1yy +1705)° ]

417y, (15 + 17,0075, + 15)

¢y = (31751 +1753) (1730 + 17120730 ""’712)2
=317, + 15307 1+ By, + 15000, +1745)

(301750 +1715)° = (175, +1755)°] (17)

Co-occurrence Matrix

Intensity of co-occurrence matrix is a matrix that
describes the frequency of appearance of two pairs of
pixels with certain intensity within a certain distance
and direction in the image. Intensity of co-occurrence
matrix p (i1, i2) is defined with two simple steps. The
first step is to determine the distance between two
points in the vertical and horizontal [vector d = (dx,
dy)], where the quantities dx and dy are expressed in
pixels as the smallest unit in digital image. The second
step is to calculate the pair of pixels that have intensity
values i1 and i2 and is in the pixels in an image. Then
the results of each pair of intensity values are placed
on a matrix corresponding with its coordinates, where
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the abscissa of intensity values of i1 and to the
coordinate for the i2 intensity values. Energy in the
co-occurrence matrix is a feature to measure the
intensity of the pair concentration on co-occurrence
matrix, and is defined with (Haralick et al. 1973).

Energi :ZZ}JE(Q-IQ)

il §2

(18)

The classification method k-Nearest Neighbour
(k-NN)

K-Nearest Neighbour method (k-NN) is a method for
the classification of objects based on data learning
that was located closest to the object. The data of
learning is projected onto a lot space dimension,
where each dimension represents a feature of the
data. The space is divided into sections based on data
classification learning. Distance from neighbour is
usually calculated based on Euclidean distances with
the following general formula (Parvin et al. 2008;
Bhatia 2010):

(f:\l'll(fﬁ _171)2 +(a, _bz): +---+(a, _b")z
——

= \|||i((.rr_ b))’
i=1

19)

K-NN classification is done by searching k-pieces
nearest neighbour and choose grade with highest ki in
the class w; The steps for k-NN classification is as
follows (Altman 1992; Bhatia 2010):

1. If a set vectors training data have N data points as
a whole, then get to know the k-pieces nearest
neighbours of sample x where k is an odd number.

2. Of these k-pieces nearest neighbour, identify the
number of ki vectors in class wi, i = 1,2, ..., M with
Ziki = k.

3. Insert on wi class with a maximum value of ki.

4. If two or more wi classes have E nearest
neighbours, then there was a balanced condition
(conflict) and conflict-solving strategies used.

5. For each of the classes involved in the conflict,
determine the distance between the x with wi
class based on E nearest neighbour found in the
wi class.

6. If the m training patterns of wi class involved in the
conflict indicated by yim = {y1im, ..., ynim} then the
distance between the x with class wi is:

1 <
d==%|tx, -y
, E;\(«J v

Insert x into the class with the smallest distance, which
is x ewC, ifdC<di fori,C €[1, ..., M]and i # C.

Figure 3 is an example of k-NN sorting rule. Figure 3
(a) shows that the number of nearest neighbour k = 3
that are inside the circle is not a conflict between class
a and class b so it does not need strategies of conflict
resolution and determined that these test points get
into the a class. While for Figure 3 (b) there is a
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Figure 3. lllustration of k-NN sorting rule. (a) the early
model of k-NN; (b) k-NN models with strategies
of conflict resolution (Data Anayzed 2016).

conflict between class a and class b by the number of
nearest neighbour k = 4 inside a circle that has the
number of nearest neighbour E for each class is 2.
Subsequently conflict resolution rules such as the
k-NN classification rule above by calculating the
shortest distance between class a and b to be
prescribed by the test point included in the class a or b
(Sing 1999).

RESULTS AND DISCUSSION

Nutritional deficiency is a major problem in the growth
and yield of most crop plants. Therefor, providing a
method to identiy the symptom as soon as posibble to
overcome this problem is very important. The present
research developed a tool to quickly detect nutrient
deficiency based on leaf feature using K-Nearest
Neighbour (K-NN) and Artificial Neural Networks
(ANN) Backpropagation. This tool is a system
consisting of 6 stages as shown in Figure 3. The first
step was preprocessing stage to do cropping, resizing
and noise reduction in the image. The second step
was segmentation using K-means clustering method
with the number of k from 3 to 4 in accordance with
the best conditions for a given segmentation results.
The third stage was retrieval of green on the color
components of leaf image which are already
segmented. Then the features extracted were:
average intensity, smoothness, and the entropy of a
statistical approach; 5 of 7 moment invariants; and
energy and contrast of co-occurrence matrix
approach. Next is the separation of data from the
sample image data which is divided into two groups:
training data and test data. The composition was used
to adjust analytical results with the technique of K-fold
cross validation. Training data was generated using K
-Nearest Neighbour (K-NN) and Artificial Neural
Networks (ANN) Backpropagation. The last stage was
classification. This step was done by processing test
data one at a time to know the class output given by
the system.Then the results were matched with the
real class to know the insurance system in doing the
classification.

The artificial visual analytic system in Figure 3 was
developed using image analysis with three
approaches: a statistical approach, moment

invariance, and co-occurrence matrix. Statistical
analysis of principal component analysis (PCA)
obtained 10 features as shown in Table 2.The texture
parameters used were: i) average intensity, ii) smooth-
ness, iii) entropy; iv) 5 components of moment
invariants, v) energy, and vi) contrast. Image analysis
gave features including smoothness, and the entropy
value of the intensity of green colour in the leaves.
Moment invariant analysis showed there were 5
observed data and these were 1, 2, 4, 6, and 7. While
the co-occurrence matrix approach provided an
alternative image analysis technique of the statistical
approach. The features extracted from this matrix
were energy and contrast. Energy to measure the
constancy of energy’s intensity and contrast to
measure the degree of differences on the intensity of
leaf green colour.

Table 2 describes how verification of image analysis
was done by K-fold Cross Validation Technique. The
result showed that the error rate of K-fold value from 5
to 10 was 0.0833, 0.1000, 0.1167, 0.1333, 0.1500,
and 0.1667, respectively. The smallest error rate was
obtained when the K-fold value is 5. Composition data
for training and test with K-fold value of 5, 6 and 10
were 48,12; 50,10; and 54,6, respectively. The
validation testing was done using training data as test
case on the system, then used test data as input data
for classification. The training parameters used were
the target error 0.001 using the criteria of Sum
Squared Error (SSE), the training rate of 0.2,
momentum 0.95, and the maximum number of
iterations was 5000 times. A total of 10 features from
each of the 12 test images for K-fold 5 were subjected
to classification test data with K-NN method and ANN
Backpropagation. For ANN Backpropagation, it used 1
hidden layer with 150 neurons, while the output layer
used 1 neurons. The results of test data classification
by the system were compared with actual test data
(manual).

The accuracy of classification system of nutrient
deficiency on nitrogen, phosphorous and potassium
based on K-NN is shown in Table 3. The average
value of accuracy percentage was 69%. This value
was obtained from comparing test data which were
classified correctly with all tests data. Meanwhile, the
accuracy of classification system based on ANN
Backpropagation was 77.78%.

Recently many image processing techniques are
developed to identify nutritional status and to classify
plant leaf diseases or other uses. Treder et al. (2016)
showed that using image analysis to estimate the
nitrogen nutrient status of apple trees was better than
leaf greeness meters. Fauzi et al. (2016) used image
analysis for energy conservation to manage
application Virtual Machine. Ghaiwat and Arora (2014)
discussed some classification techniques such as
k-Nearest Neighbor Classifier, Probabilistic Neural
Network, Genetic Algorithm, Support Vector Machine,
Artificial Neural Network, and Fuzzy Logic. According
to reports selecting a classiication method is always a
difficult task because the quality or results can vary for
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Table 2. Test data of 10 features of soybean leaf

Test Features

Data RTA SMO ENT M1 M2 M4 M6 M7 ENE KON
1 29.1729 0,0155 34,826 55,427 116,998 229,311 290,055 448,459 0,2786 677,212
2 33.9193 0,0230 33,328 57,097 119,975 217,963 285,323 447,507 0,3116 843,237
3 29.0943 0,0156 35,126 55,885 118,344 245,504 307,731 483,301 0,2784 693,236
4 29.0359 0,0148 34,111 55,716 118,278 243,760 309,883 476,693 0,2721 786,404
5 30.0713 0,0158 35,678 55,993 118,586 242,964 304,569 480,587 0,2659 696,455
6 36.568 0,0159 35,851 56,038 118,700 239,468 300,445 476,500 0,2584 685,670
7 35.2274 0,0153 42,650 54,728 115,021 232,160 299,284 458,194 0,1738 837,451
8 34.4043 0,0144 42,666 54,251 113,855 232,463 296,159 461,905 0,1704 860,139
9 27.2064 0,0103 37,283 53,438 112,981 220,147 297,404 431,424 0,2050 689,388
10 26.4059 0,0102 36,640 53,492 113,047 213,572 275,919 425,218 0,2204 570,943
11 27.9246 0,0100 39,025 53,477 113,233 212,033 273976 423,380 0,1850 635,500
12 30.2173 0,0111 40,013 54,143 114,539 213,308 274,956 425375 0,1755 598,338

Table 3. The accuracy percentage of the classification

Table 4. The accuracy percentage of the classification

of nutritional deficiency in soybean by K-NN of nutritional deficiency in soybean by Artificial
(K-Nearest Neighbor) Neutral Networks (ANN) Backpropagation
Classification Results Classification
K-NN (K-Nearest Target ANN (Artificial Neural Networks) Back  Target
Test Data Neighbor) Class Category Test Data propagation Class
1-NN  3-NN 5-NN Test1 Test 2 Test3
1 2 2 0 2 1 2 2 2 2
2 2 2 2 2 . 2 2 2 2 2
3 9 9 9 9 Potassium 3 2 2 2 2
4 0 2 2 9 4 2 1 2 2
5 1 0 0 1 5 1 1 1 1
6 0 0 0 1 6 1 1 1 1
7 1 2 2 1
7 1 1 1 1 Phosphorous 8 0 1 1 1
8 1 1 1 1 9 1 1 1 0
9 1 1 0 0 10 0 0 0 0
10 1 0 1 0 . 11 0 0 0 0
1 0 0 0 0 Nitrogen 12 0 0 0 0
12 0 0 0 0 Correct results 10 8 10
Correct 8 9 8
results Accuracy (%) 83.33 66.67 83
Accuracy (%) 66.67 75.00 66.67
0,
Average (%)  69.44 Average (%) .

different input data. In this research the system for
identifying the symptoms of nutrient deficieny on
nitrogen, phosphate and potassium comprised of 6
stages. There are many combination steps developed
by numerous researchers. One was developed by
Keskar et al. (2013) which consisted of 4 stages.

Based on accuracy percentage, ANN Backpropagation
was better than K-NN to identify nutrient deficiency
symptons of nitrogen, phosphorous and potassium in
soybean. According to Kaur and Laxmi (2016), the
advantages of ANN is that it is tolerant of noisy inputs
and on instances classified by more than one output.
On the other hand, Backpropagation Network is easy
to implement, applicable to wide range of problems
and able to form arbitrarily complex nonlinier
mappings. Ghaiwat and Arora (2014) mentioned that
K-NN is sensitive to irrelevant inputs (parameters). To
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support accurate and automatic detection of leaf
diseases, Bashish et al. ( 2011) used the Neutral
Network (NN) classifier that is based on statistical
classification with a precision of around 93%.

The precision of the K-Nearest Neighbor (K-NN) and
Artificial Neural Network (ANN) Backpropagation on
determining leaf features of the primary nutrient
deficiencies could still be enhance above 90% by
making corrections to the inputs, including the leaf
shape feature and leaf age. This system is still
working offline, where the classification is done
outside of the image-making process. Media should be
integrated with the camera so that the system can
work online and real time. Approach to other methods
is also important to note considering that K-NN
method and ANN Backpropagation also have
weaknesses (Kaur and Laxmi 2016).
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CONCLUSION

1. Identification of nutrient defficiency on nitrogen,
phosphorous, and potassium in soybean based on
leaf features could be done by Atrtificial Visual Analytic
System with 6 stages.

2. The average precision of K-NN classifier was 69.44
% and ANN Backpropagation classifier was 77.78%.

3. The Artificial Visual Analytic System could still be
improved by making corrections to the input
parameters such as leaf shape and age.
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