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ABSTRACT

Basal stem rot caused lyanoderma boninenseonstitutes a serious threat to oil palm indusiry
Southeast Asia, especially in Malaysia and Indamasid in Papua New Guinea and Pacific Islands. It
is also expanding in some oil palm growing courgtrie Latin America and Africa and will soon
become a worldwide concern to oil palm cultivatirm date, none of the various control measures
developed and tested to control the disease sirargy mecade gives entire satisfaction. An experiment
was carried out to see whether incorporation of raniatrients, Copper (Cu), Boron (B) and
Manganese (Mn) could reduce the incidence and #gvef this disease on oil palm seedlings
inoculated withG. boninenseThe concentrations tested were 2 mg B/kg of sving Cu/kg of soil
and 2 mg Mn/kg of soil incorporated into the bafctilizer NPKMg 14-10-10-2. Treatments were
applied in solution for three months before inotiola, followed by soil application for eight months
after inoculation. The results showed that although significant difference was detected among
treatments, the double combinations of these migrents, B+Cu, B+Mn and Cu+Mn, performed
better than the single nutrients in reducing theidance and the severity of BSR, while their triple
combination rather increased these pathologicalampaters. These double combinations could
therefore be field-tested for their further intetipa in oil palm fertilization programme.
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1. INTRODUCTION

Ganoderma Basal Stem Rot (BSR) is the most
devastating disease of oil palm (Ariffet al, 2000; Idris,
2009; Susanto, 2009) and constitutes a permanesatt o
oil palm in Southeast Asia (Pilotti, 2005; Utoret al,
2005). Despite the slow progression of the diseasan
destroy thousands of hectares of oil palm. Serioelsl
reductions and death of palms dugsanodermaattacks
have been recorded especially in replanted arelastew

thg_ disease was endem|§: in the previous generation, ..o riont
Initially considered a disease of old palms and

concentrated in coastal areas on peat soils (Sikf),
the BSR disease is now infecting oil palm at alésg
starting from the first year of field planting. In

Malaysia, a 3.7% incidence of BSR corresponding to

59,148 ha affected was reported in 2010 (Idris,1201
Idris et al, 2011). It has spread rapidly to cover all oil
palm cultivating areas and all types of soils @dri

their involvement in a number of plant defence
mechanisms, micronutrients have not been considared
BSR control strategies. Boron (Stangoulis and Grgha
2007), Cu (Evanet al, 2007) and Mn (Thompson and
Huber, 2007) are reported to control many plareaigs.
Copper, B and Mn are all intimately involved in pbé
synthesis in plants and have major effects on host
susceptibility to disease (Graham, 1983). This\studs
initiated to see whether incorporation of singled an
combined  optimum  concentrations of these
s in a commonly used compound fesiliz
grade NPKMg (14:10:10:2), can reduce BSR incidence
and severity on oil palm seedlings.

2. MATERIALS AND METHODS

2.1. Plant and Fungal Materials

One-month-old commercial Tenera oil palm

1999; Khairudin and Tey, 2008), thereby becoming aseedlings dura x pisifera) were purchased from the

great concern in Malaysia and all over the world Federal

(Turner and Gillbanks, 2003). In Sabah in the Kalab

Land Development Authority (FELDA)
Agricultural Services Sdn. Bhd. Sungai Tekam, Jettan

estate, about 30% of second generation under-ﬂlantePahang Malaysia. In the first phase of the expemtn

palms were reported to be infected Banoderma
with in one to two years after planting (Wan, 2001n)
Sime Darby plantations, 1.4% BSR

first generation plantation was estimated, mainle d

incidence,
equivalent to about 580 ha, was recorded in 2007
(Khairudin and Tey, 2008). In Cameroon, losses as
high as 53.2% of dead palms over 25 years old in a

seedlings were supplied for three months with daffié
fertilizer treatments applied in solution. Afterdweeks
acclimatization, kernels were removed to ensurettha
response obtained will solely result from fertilize
treatments with minimum influence from endosperm
nutrient reserves. Treatments were renewed eveek.we

to GanodermaTengoua and Bakoume, 2005), while, 6.4% The composition of different fertilizer treatmenised is

palm death was recorded in a 10-year-old replantingn
palms were at their peak production age (Tengdi@g)2

as follows: T1 (Control 1, non-inoculated) = Basic
fertilizer (BF); T2 (Control 2, inoculated) = Basic

Recent efforts to tackle the problem have beenfertilizer (BF); T3 = BF +2 mg B/kg of soil; T4 =B

focused on biological control agents,
Trichoderma(llias, 2000; Shamala, 2005; Izzati and
Faridah, 2008; Siddiqueet al, 2009), endophytic
fungi and endophytic bacteria (Shamelaal.,, 2011),
Gliocladium (Flood and Hasan, 2004pseudomonas
fluorescensandBacillus sp (Susantet al., 2005). The
use of a balanced chemical fertilizer, namely Nyne K
(Mohd Tayeb and Hamdan, 1999; Mohd Tayatbal,

such as+2 mg Cu/kg of soil; T5 = BF +2 mg Mn/kg of sail;

T6 = BF +2 mg B/kg of soil +2 mg Cu/kg of soil; T7
= BF +2 mg B/kg of soil +2 mg Mn/kg of soil; T8 =
BF +2 mg Cu/kg of soil +2 mg Mn/kg of soil; T9 =
BF +2 mg B/kg of soil +2 mg Cu/kg of soil +2 mg
Mn/kg of soil. The Basic Fertilizer (BF) is the
commonly used commercial fertilizer NPKMg
(14:10:10:2), where N stands for % N (14%), P for %

2003) and manual application of calcium nitrate P,Os (10%), K for % KO (10%) and Mg for % MgO
(Sariah and Zakaria, 2000; Flood and Hasan, 2004)2%). The sources of micronutrients were borax

have also been investigated.

Nutrient addition to soil as fertilizer is known to
affect plant resistance/susceptibility to some akes
caused by fungal pathogens (Veresogtual, 2013).
Despite their direct action on pathogenic agemntsuh
their biocidal properties and their indirect actibnough
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pentahydrate [N#8,0,. 5H,0 (48% BO3)] for B,
copper sulphate pentahydrate [CuSGH,O (25%
Cu)] for Cu and manganese sulphate monohydrate
[MnSQO;,. H,O (31.8% Mn)] for Mn.

The pure culture dBanoderma bonineng$eER 71 used
was supplied by th&anodermaand Disease Research for
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Oil Palm (GanoDROP) Unit, Biology Division, Malagsi wash off red spider mitesOfigonychussp. and/or
Palm Oil Board (MPOB), Bangi, Malaysia. Tetranychus piercgi The use of chemicals was
. . minimal so as not to compromise the infection®y
2.2. IUOCUIum Preparatlo_n and In_oculat|on of boninense (Naher et al, 2012). When extremely
Oil Palm Seedlings withG. Boninense needed, insecticides (Rogor 40 (Dimethoate 38.0%

The Ganoderma Rubber Wood Block (RWB) W/V) and Decis (Deltamethrin 1.4% W/V)) were
inoculum was prepared following the general method Sprayed alternatively to control insect attacks.
routinely used by MPOB and described by (ldris, 499 .

Briefly, freshly cut RWBs (6x6x6 cm) were oven-dtie 2.4. Assessment of Pathological Parameters

at 8C°C for 48 h and sterilized at 122 for 30 min. The  2.4.1. External Symptoms

RWBs were then put in a heat resistant polyeth . . .

(one RWB per bgg) to which 60 mL OF:: I\%alt ylgi-t?;ct External symptoms o6. bomnensenfectlon were
Agar (MEA) were added, autoclaved at 12%or 30 min recordeq every mor_lth starting  two months_ after
and left to cool over night, with rotation to allothe  noculation until the eighth month (end of experitje
medium to evenly cover the RBWs before solidifinati These include the total number of leaves; the nurobe
After cooling, the RWBs were inoculated with a 71@- ~ 9r€en, yellow and dry leaves; presence or absehce o
day-old pure culture o6. boninensePER 71. One plate mycelium and/or Whlt_e button or basidiocarps at the
divided into eight fragments was used to inoculate plant base and the disease class. From these tHata,
RWBS, each receiving four fragments@®f boninensgout ~ S€Verity of Foliar Symptoms (%SFS), the Disease
on the four lateral surfaces. The inoculated RWRsew Incidence (DI) and the Disease Severity Index (DSI)
kept in the dark at 2& for three months to allow external Were assessed. The severity of foliar symptomeéoh

and internal colonization bg. boninenseAt the end of ~ Seedling was calculated by the following formula
three month incubation, prior to inoculation, fulgvered  (Sariah and Zakaria, 2000):

RWBs (ig. 1A and B) were tested orGanoderma
Selective Medium (GSM) (Ariffin and Idris, 1992) to
confirm the internal colonization. The positive ttagas
confirmed by the development @anodermamycelium

from the fragment of wood taken from the centresjiit where, D is the number of desiccated (dry or dead)

RWBs Fig. 1C) and by browning of the medium when |eaves, Y the number of yellow, chlorotic or wilted

observed from the bottom of the Petri disiy(1D). leaves, T the total number of leaves, the numeviahle
The inoculation of oil palm seedlings with 1 represents the index for desiccated leaves a@dhe.

Ganoderma RWB inoculum (second phase of the jndex for chlorotic leaves.

experiment) consisted of a sitting technique, _wbgzre The Disease Incidence (DI) for each treatment in

the bulb and washed roots of each seedling weregach replication and the Area Under Disease Pregres

firmly put_in contact with a RWB inoculum stan_di_ng Curve (AUDPC) for the severity of foliar symptoms
on one third of 5 kg of the Munchong series soikin  5nq disease incidence were assessed following
polybag (25x30 cm) and covered with the remaining (Campbell and Madden, 1990):

soil. Soils of the Munchong series are characterize

by their low fertility status. For each treatmetwo

extra seedlings were inoculated and kept aside for DI (%)= : 100

eventual replacement. Seedlings of treatments T1 Total number of seedlings assessed

(absolute control) were not inoculated with RWB

inoculum but simply transplanted in polybags filled m oy ay
i+1

with 5 kg of soil. AUDPC= i 5

(D" 1)+ (Y 0.5

%SFS= 100

Number of seedlings infected

(ta- 1)
2.3. Maintenance

Inoculated seedlings and the control receivedwhere, n is the number of assessment time, Y theade
monthly fertilizer treatments (10 g/plant) with Hai incidence or the percentage severity of foliar symps

watering for eight months. On a weekly basis, theand t the observation time. The AUDPC indicates the
lower surface of the leaves was sprayed with wader amount of disease developed in each treatment over
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time. The lower the AUDPC value of a treatment, the  The Disease Severity Index (DSI) was calculated
more effective the treatment in reducing the disedbe according to (llias, 2000; Abdullakt al, 2003) as
percentage of Disease Reduction (DR) for eachnrerst  follows:

was deduced from the AUDPC by the formula:

(AxB)
DSI=———"x100

DR (%) _ AUDPCcontrol- AUDPCtreatmenthO B x4
AUDPCcontrol

where, A is the disease class (0, 1, 2, 3, or 4heBumber
The control here is T2. of seedlings showing that disease class per treatme3

The Epidemic Rate (ER) for each treatment wasthe total number of seedlings assessed and 4 ¢hedhi
. 1 ) rating or disease class value. Since the basiglis¢auiting
calculated using the formula y = I?l-_x) applied o @ pogies) do not always develop in @anodermascreening
tests (Sariahet al, 1994; Kandanet al, 2009), the
description of disease scales (classes) (llias,0;200
Abdullahet al, 2003; Bretoret al, 2006) that emphasized
on the presence of a fruiting body as an important

monocyclic or monomolecular epidemic model
(Campbell and Madden, 1990) appropriate for soihbo
fungi like G. boninensgwhere y is the amount of disease

at a given time and x the disease incidence ingotigm, ISR e
. : . characteristic in classifyin@anodermasymptoms was
not in percentage. The value of the Epidemic RBR) ( modified to address th)ils %atural fadtazlepl, Fig. 2

corresponds to the slope of the straight line y “and 3). These modifications rely on the observation

plotted against t, the observation time. that most of the infected plants passed acrosshall

I
: (1- x) scales and died without any basidiocaffig( 4A).

(d)

Fig. 1. Three-month-old fully colonized Rubber Wood Blo¢®//B) by G. boninensé’ER 71 in heat resistant plastic (A), removed
from the plastic for GSM testing (B); Note: The dmpment ofG. boninensdérom the RWB fragments (C) and the brown
coloration of the medium observed from the invegides (D) at the 5th day of incubation at@8&n the darkness
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Fig. 2.lllustration of different classes (0-4) &. boninensexternal symptoms on oil palm seedlings at aryegdwth stage (2-5
months after inoculation)

%
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Fig. 3. lllustration of different classes @. boninenseexternal symptoms on oil palm seedlings at an rack@ growth stage (8
months after inoculation)

(@) (b)

Fig. 4. Development ofG. boninensevhite mycelium (A), white button (B) and formatiad a full basidiocarp (C) on dead
oil palm seedlings
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Table 1. Description of disease classesG#nodermaexternal symptoms

Disease class Symptom description

0 Healthy plant with green leaves without the apgeee of fungal mycelium on any part of the plant

1 Appearance of white fungal mass on any part@fplant, with or without chlorotic leaves

2 Chlorotic and/or necrotic leaves (1-3), with dthout the appearance of basidiocarps on any
part of the plant

3 Chlorotic and/or necrotic leavesy), 50% drying up or necrotic, with or without the fation of
basidiocarps on any part of the plant

4 Total necrosis, whole plant dry or dead, witlwithout the formation of well-developed

basidiocarps

Source: Adapted from llias (2000; Abdullahal, 2003; Bretoret al, 2006)

In all the cases observed, the white buttons aftiith or where, A” is the rating number, B” the number of
primordia of fruiting body development, appearecewh  seedlings in that rating, B" the total number of
the plants were already dead (class Bp(4B) and  geedlings assessed and 4 the highest rating. The

progressed until the formation of a full basidigean  ¢|assification or the rating dBanodermainfection in
the dead plantAig. 4C). the roots of oil palm seedlings was adapted from
2.4.2. Internal Symptoms Nur Sabrinaet al (2012; Bre_toret _al, 2006) as follows:
Class 0 = healthy, no root infection; class 1 =d #man
At the end of experiment, surviving seedlings were 25% of roots infected; class 2 = 25 to 50% of roots
assessed for BSR internal symptoms. Number ofdrotte jnfected: class 3 = 51to 75% of roots infected: alags
primary roots was recorded and the bulb was lodgially 4 = more than 75% of roots infected.
dissected to observe and measure the extent efl ratea
using a grid. Both the rotted and the total are@sew 2 5 Experimental Design and Data Analysis
measured to confidently transform in percentagedhelts
expressed in surface unit and classify following fitale The experiment was laid out in a Randomized
adapted from Nur Sabriret al (2012; Bretoret al, 2006)  Complete Block Design (RCBD) with nine treatments
(Table 2 and Fig. 9. The percentage of infected bulb area gpq four replicates (blocks). Each treatment coedisf
was calculated as followed: four oil palm seedlings (experimental unit). Datarev
analyzed by ANOVA using SAS 9.2. The disease
100 incidence and disease severity of foliar symptonesew
Total bulb areq TBA square root-transformed to reduce the standardr.erro
Means comparison was performed by Duncan’s Multiple
After determining the disease class from the Range Test (DMRT) at the 0.05 significance level.
%IBA, the Disease Severity Index (DSI) for internal

Infected bulb B
%infected bulb areg% IBA Infected bulb are@ 1By

symptoms, more specifically for bulb symptoms or 3. RESULTS AND DISCUSSION

bulb decay (DSIB) was then calculated as previously

described for external symptoms: The pathological data (disease incidence and ggveri
. percentage of dead seedlings) were recorded every

DSIB( Interna) = (A'x B') 100 month. For better visibility and clarity reasoniet
B'x4 results presented and discussed in this study corbe
data of two, four, six and eight months after ifatian,
where, A’ is the rating number or class, B’ the temof i.e., two-month intervals.

seedlings in that rating number, B' the total number of

_ _ , 3.1. Severity of Foliar Symptoms
seedlings assessed and 4 the highest rating.

Similarly, the Disease Severity Index for Root atien Two months after inoculation, treatment T9 had the
(DSIR) was calculated according to the formula: most severe foliar symptoms (13.15%) and was
significantly different from the other treatmenkd. 6).
DSIR:M %100 The inoculated control (T2) and the B + Cu treatmen
B"x 4

(T6) had the lowest Severity of Foliar Symptoms $pF
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(0.39%). No foliar symptom was observed on treatsien had the highest disease incidence (56.25%) compared
T4 (Cu) and T8 (Cu + Mn) at this stage, indicatofe  to the treatments supplemented with B, Cu and Mn
their ability to delay disease development. As esget,  although none were significantly different. At eigh
no sign ofGanodermacould be seen on T1 since it was Months after mo(c);ulanon, while T9 and T6 had the
not inoculated. Four months lat&anodermainfection ?é%h%sg/l)}l (_?_;:50 %), LZ'_Tg_antd Tfﬁhh?dt;‘he '?V"EFt D
was not significantly different with all treatmenbsit 970 IS cou ] ”? |c.ae a € tertiizer
varied from SFS 23.6% with B + Mn (T7) to 34.85% formulation NPKMg 14._10.10.2 ha_s the same capacity

. . to reduceGanodermaincidence as its B + Mn and Cu
with B alone (T3). At six months, treatments werd n

L . . + Mn-supplemented formulations, whereas, the
statistically different in SFS but B + Mn (T7) hale NPKMg 12?10:10:2 supplemented with either B, Cu

lowest SFS (58.10%) and Mn alone (T5) the highestyng mn alone, or B + Cu, or with the combination of
(66.43%). The same trend was observed at eighttmont {he three micronutrients has low potential to resluc
where T7 registered 67.69% SFS and the tripleGanodermancidence.

combination (T9) the highest SFS (87.71%). It is ) .
interesting to notice that throughout the experitngre ~ 3-4- Area under Disease Progress Curve, Disease
highest SFS was recorded either on T9 or on any Reduction and Epidemic Rate

treatment with a single micronutrient, while thevést Treatment T7, a combination of B + Mn, had the

SFS was observed mostly on treatments supplementefhwest Area Under the Disease Progress Curve
with a combination of two micronutrients. This de&e®  (AUDPC) of 236 unft, with the corresponding highest
the superiority of a double combination of micramarts disease reduction of 9.63% and the lowest epideaté
over the single and triple combination in reducthg of 0.19 unit montht (Table 4). This indicates the
SFS on inoculated oil palm seedlings. effectiveness of B added together with Mn to thsiba
fertilizer in reducing the severity of foliar syngohs of
G. boninenseon oil palm seedlings. Surprisingly, the

There were significant differences among treatmentsinoculated control T2 had an AUDPC lower than some
for the disease severity index for foliar symptqiDSIF) treatments with an Epidemic Rate (ER) of 0.21 unit
(Table 3). At two months, seedlings receiving B, Cu and month' and close to the most effective treatment T7.
Mn (T9) were severely infected bys. boninense Treatments T3, T5 and T9 with higher AUDPCs than
compared to other treatments with index as high asT2, had negative Disease Reductions (DR) of -7:67,
14.06. Treatments Cu (T4), Mn (T5) and Cu +Mn (T8) 4.58 and -15.15%, respectively. This indicates that
had a DSIF = 0, showing they were not yet infected. addition of B, Mn, or B + Cu + Mn to NPK fertilizer
From four months on, despite the increasing DStE, t increased the severity of foliar symptoms .
statistical analysis did not detect any significant boninensén oil palm seedlings. The negative effects of
difference among treatments; however, T9 remaihed t these nutrients are more intense with the triple
most severe throughout while, T6, T8 and T7 wess le combination which had an AUDPC of 300.70 @nit
severe at four, six and eight months, respectively,increased severity of foliar symptoms by 15.51% and
supporting once more the superiority of double the highest epidemic rate of 0.32 unit mohth
combinations of B, Cu and Mn over the triple As far as the disease incidence is concerned, Cu +
combination in reducin@anodermanfection. Mn (T8) had the lowest AUDPC (237.5 wfitwhich

. . could mean that the combination of Cu + Mn with the

3.3. Disease Incidence basic fertiizer may be more effective than other

Although there were no significant differences in treatments in reducinGanodermaincidence in oil palm
Disease Incidence (DI)F{g. 7), treatment T9 had the seedlings; however the treatment T9, with B + CMr+
highest DI (18.7%) as early as two months after had the highest AUDPC (356.25 dpitneaning that the
inoculation and was the most severely infected ftben  triple combination not only failed to reduce buthex
sixth month till the end of the experiment. Witheth increased the incidence of disease by 14% whichtles
exception of treatments T2, T3, T6 and T7 withshene highest rate of 0.36 unit month Like treatment T9, T5
incidence of 6.25%, treatments T4, T5 and T8 ware n also had a higher AUDPC (318.75) than the contnadl a
yet infected at two months. Four months after increased disease incidence by 2%. On the othet, igan
inoculation, T2 (NPK 14:10:10:2 without micronutiis) (treatment T3), which increased the severity ofafol

3.2. Disease Severity Index for Foliar Symptoms
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symptoms, decreased disease incidence by 8%fertilizer has been shown to increagganoderma
Combination of B + Mn (T7), with the second lowest incidence and severity as opposed to a low N- agd h
AUDPC (262.45 unf) had the second highest DR K-fertilizer (Mohd Tayebet al, 2003), fertilizer used in
(16.02%) suggesting that the double combinatioB ef this study may have contributed to the reduction of
Mn with NPK fertilizer may reduceGanoderma  Ganoderma incidence and severity to mask the
incidence as well as Cu + Mn. beneficial effects of micronutrients in this studiis is

In general, all of the double combinations, B + Cu supported by the AUDPCs of some treatments tha¢ wer
(T6), B + Mn (T7) and Cu + Mn (T8) reduced both higher than the inoculated control (T2) makinggpear
Ganodermaseverity of foliar symptom an@anoderma  effective in disease reduction. The positive lesson
incidence. Manganese alone and the triple comioinati learn from this fact may be that @anodermascreening
of the selected micronutrients detrimentally inseth  tests care should be taken to ensure that the fationi
Ganoderma incidence and severity. Copper alone of basic fertilizer will not compromise the expette
reduced to a slight extent these two pathologicalresults, more specifically high N- and low K- omid® -
parameters, while B alone has a variable effecetiuce  fertilizer should be preferred in such tests.
Ganoderma incidence but increases its severity. The
positive effect of Cu oanodermareduction obtained in
the current study is consistent with that of Nuor8eet al As early as two months after inoculatioraple 5),
(2012) who found that Cu supplementation reducedthe B + Cu + Mn Treatment (T9) already had 12.50%
Ganodermaincidence by 51.52% and its severity by of dead seedlings and T2 only 6.25% due to
60.00%; however, the disease reduction by Cu in ourGanodermainfection. All of the inoculated seedlings
study (6% disease incidence and 1.06% diseaseitsgver were still alive in other treatments. Four montliera
was not significant and low compared to these astho inoculation, the percentage of dead seedlings aseé
report. The discrepancy observed could be explained in all treatments with T9 having the highest petcen
two main reasons. Firstly, they inoculated six-rheoid (31.25%). As the observation time proceeded, the
seedlings with Ganoderma after pre-treatment with number of dead seedlings increased with a little
fertilizers for three months. In contrast, in theegent  variation in the ranking without statistical diféerces
study, the oil palm seedlings were pre-treated tfar until the end of the experiment (eight months after
same three months but starting at one-month-old andnoculation). At that time, the number of dead $iegs
inoculated at four months. In this case, the segdli reached the highest level (81.25%) in T9. The ldwes
might not have developed a strong enough defencePercentage was recorded with B + Mn (T7) at 56.25%,
system to withstan@anoderma Secondly, the present followed by Cu + Mn (T8) at 62.50%. For this
study used basic fertilizer NPKMg 14:10:10:2 wherea Pathological parameter, the trend toward the faabler
Nur Sabrinaet al (2012) used NPK 15:6:4, i.e., with €ffect of the double combination of the selected
h|gh N, low P and very low K. According to Graham micronutrients in dela.ying BSR infeCtiOI’l was still
(1983), excess N may encourage fungal pathogens?bserved’ even th_ough T6 (combination of B + Cu_J) ha
especially if P or K is low. Since a high N- anavIé- 75% dead seedlings at the end of the experiment.

3.5. Percentage of Dead Seedlings
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Fig. 5. lllustration of different classes &. boninensénternal symptoms (bulb infection) on oil palm gkegs

Fig. 6. Percentage severity of foliar symptoms @f boninenseon oil palm seedlings supplied with different micuatrient-
supplemented fertilizers; Note: Means with the séetter at a given time period are not significamifferent according to
Duncan’s Multiple Range Test (DMRT) at= 0.05; values are the means of four replicatess Bepresent standard errors.
T1 (Absolute control) = BF withoubanodermaT2 (Inoculated control) = BF GanodermaT3 = BF + B +Ganoderma
T4 = BF + Cu +GanodermaT5 = BF + Mn +GanodermaT6 = BF + B + Cu +GanodermaT7 = BF + B + Mn +
GanodermaT8 = BF + Cu + Mn {GanodermaT9 = BF + B + Cu + Mn anoderma
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Fig. 7. Ganodermabasal stem rot incidence on oil palm seedlingpkeg with different micronutrient-supplementedtilézers;
Note: Means with the same letter at a given tinréogeare not significantly different according taizan’s Multiple Range
Test (DMRT) at = 0.05; values are the means of four replicatess Bepresent standard errors. T1 (Absolute cQntr8F
without GanodermaT2 (Inoculated control) = BF @anodermaT3 = BF + B +GanodermaT4 = BF + Cu tGanoderma
T5 = BF + Mn +GanodermaT6 = BF + B + Cu #Ganodermav T7 = BF + B + Mn +GanodermaT8 = BF + Cu + Mn +
GanodermaT9 = BF + B + Cu + Mn 4anoderma

Table 2. Classification ofcanodermanfection of bulb tissues of oil palm seedlings
Disease class Symptom description

Healthy: no rotting of the bulb tissues

Rotted area less than 25% of the bulb area

Rotted area between 25 and 50% of the bulb area
Rotted area between 51 and 75% of the bulb area
Rotted area greater than 75% of the bulb areatalrrmtting

A WNEFO

Source: Adapted from Nur Sabrietal (2012; Bretoret al, 2006)

Table 3. Disease severity index for foliar symptoms of difet micronutrient-supplemented fertilizer treattseapplied to oil palm
seedlings inoculated witB. boninense

Disease severity index for foliar symptoms (%)

Treatment 2 MAI 4 MAI 6 MAI 8 MAI

T1 0.00+0.00 0.00+0.08 0.00+0.6 0.00+0.08
T2 1.56+1.58 34.38+6.50 59.38+5.93 65.63+5.98
T3 1.56+1.58 34.38+4.03 62.50+13.50 75.00+8.82
T4 0.00+0.00 25.00+14.2% 60.94+12.60 75.56+14.08
T5 0.00+0.00 31.25+12.7% 68.75+10.82 78.13+8.27
T6 1.56+1.58 18.75+3.6%° 60.94+8.22 76.56+9.67
T7 6.25+6.28 23.44+8.2% 57.81+12.85 60.94+12.60
T8 0.00+0.08 29.69+11.8% 56.25+11.97 67.19+10.63
T9 14.06+8.22 34.38+13.88 73.44+3.32 85.94+6.44

Note: Means with the same letter at a given timeogeare not significantly different according taifcan’s Multiple Range

Test (DMRT) at

= 0.05; values are the means of four replicatestandard error. T1 (Absolute control) = BF without

GanodermaT2 = BF +GanodermaT3 = BF + B +GanodermaT4 = BF + Cu +{GanodermaT5 = BF + Mn +Ganoderma
T6 = BF + B + Cu +GanodermaT7 = BF + B + Mn +GanodermaT8 = BF + Cu + Mn +GanodermaT9 =BF + B + Cu +

Mn + Ganoderma MAI = month after inoculation
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Table 4. Comparative Area under the disease progress cdisease reduction and epidemic rate of differezditments for the
severity of foliar symptoms and disease incidengktenonths after inoculation

Severity of foliar symptoms Disease incidence

Treatment AUDPC DR ER AUDPC DR ER
Unit? % Unit month? Unit? % Unit month?

T2 261.14 - 0.21 3125 - 0.17
T3 281.18 -7.67 0.25 287.5 8 0.27
T4 258.38 1.06 0.27 293.75 6 0.28
T5 273.11 -4.58 0.26 318.75 -2 0.29
T6 250.27 4.16 0.31 281.25 10 0.34
T7 236 9.63 0.19 262.45 16.02 0.19
T8 250.64 4.02 0.22 237.5 24 0.15
T9 300.7 -15.15 0.32 356.25 -14 0.36

Note: AUDPC = Area under the disease progress cilRRe= Disease reduction; ER = Epidemic rate; T@¢ulated control) = BF
+ Ganoderma T3 = BF + B +Ganoderma T4 = BF + Cu +Ganoderma T5 = BF + Mn +GanodermaT6 = BF + B + Cu +
GanodermaT7 = BF + B + Mn 4GanodermaT8 = BF + Cu + Mn 4GanodermaT9 = BF + B + Cu + Mn Ganoderma

Table 5.Percentage of dead oil palm seedlings recordedfareht treatments
Dead seedlings (%)

Treatment 2 MAI 4 MAI 6 MAI 8 MAI

T1 0.00+0.00 0.00+0.08 0.00+0.08 0.00+0.08
T2 0.00+0.00 18.75+6.28° 56.25+6.25 62.50+7.22
T3 0.00+0.00 25.00+0.08 56.25+15.73 68.75+11.97
T4 0.00+0.08 12.50+7.2% 50.00+10.21 75.00+10.2%
T5 0.00+0.08 18.75+11.9% 62.50+12.50 68.75+11.97
T6 0.00+0.08 12.50+7.2% 43.75+11.97 75.000.00
T7 6.25+6.25 12.50+7.2% 50.00+10.21 56.25+11.91
T8 0.00+0.00 18.75+11.99 50.00+17.68 62.50+7.22
T9 12.50+7.2% 31.25+11.9% 56.25+11.97 81.25+6.25

Note: Means with the same letter at a given timgopeare not significantly different according tairan’s Multiple Range Test
(DMRT) at = 0.05; values are the means of four replicatstafidard error. T1 (Absolute control) ) = BF with@anodermaT2
(Inoculated control) = BF €anodermaT3 = BF + B +GanodermaT4 = BF + Cu GanodermaT5 = BF + Mn +GanodermaT6
= BF + B + Cu +GanodermaT7 = BF + B + Mn +GanodermaT8 = BF + Cu + Mn GanodermaT9 = BF + B + Cu + Mn +
GanodermaMAI = Month After Inoculation

Table 6.Percentage of infected roots and disease seiretiy for root symptoms of different treatmentdeigonths after inoculation

Treatment Percentage of infected roots Diseaseigeirelex for root symptoms
T1 0.00+0.08 0.00+0.08

T2 60.92+8.7% 62.50+9.28

T3 66.95+11.0% 68.75+10.52

T4 75.31+15.23 76.56+14.08

T5 80.16+7.32 81.25+6.75

T6 84.26+5.98 84.38+5.98

T7 67.54+10.2% 70.31+8.97

T8 69.47+10.79 73.44+9.67

T9 87.50+7.22 87.50+7.22

Note: Means with the same letter for a given patamare not significantly different according to ian’s Multiple Range
Test (DMRT) at = 0.05; values are the means of four replicatestandard error. T1 (Absolute control) = BF without
GanodermaT2 (Inoculated control) = BF @anodermaT3 = BF + B +GanodermaT4 = BF + Cu +GanodermaT5 = BF +
Mn + GanodermaT6 = BF + B + Cu 4GanodermaT7 = BF + B + Mn +GanodermaT8 = BF + Cu + Mn 4GanodermaT9

= BF + B + Cu + Mn +Ganoderma
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Up to five months after inoculation, differences

al of Applied Sciences 11 (1841-1859, 2014

reduction rate was 66.38% between the most infected

among treatments in DSIF and the percentage of deatfeatment T9 (6.34 cfp and the absolute control T1

seedlings were significant. Treatment T6 (B + Cajl h
the lowest DSIF and the lowest percentage of déattp
and the inoculated control T2 the highest; howefrem

the seventh month on, there were fewer or no diffees
observed among treatments for almost all of the
parameters evaluated. This could
micronutrients under study might have some positive
effects in reducingGanoderma infection; but that
seedlings might have been too young (four-month-md
withstand high inoculum pressure to suggest that, a
mentioned earlier, three months pre-treatment might
have not been enough time to allow the developmokat
strong defence system before inoculation.

3.6. Percentage of Infected Roots and Disease
Severity Index for Root Symptoms

Variations in the percentage of infected roots were
observed among different treatmentsTalfle 6);
however, there were no significant differences agnie
inoculated treatments. It is worth mentioning thia¢
highest percentage of root infection (87.50%) was
recorded in T9 and the lowest with T2 (60.90%).sThi
indicates that the addition of B + Cu + Mn to thesis
NPK fertilizer predisposed oil palm seedlings to
Ganodermainfection to thereby cancel any beneficial
effect of the individual micronutrient-supplemented
fertilizers in mitigating BSR infection. Among ttegher
micronutrient-supplemented treatments, T3 and Fo al
resulted in a low percentage of root infection,seldo
T2, at 66.95 and 67.54%, respectively, suggestsg |
predisposition with B alone and B + Mn on root
infection byG. boninense

The B + Cu treatment (T6) had the highest
percentage of bulb tissue decayed, followed bywith
respectively, 75.83 and 74.92% of the bulb tissues
infected. The lowest bulb infection was with B + Mn
(T7) at 57.67%. This indicates that the combined I@n

(18.86 cm). Although the differences observed among
inoculated treatments were not significant, treaimie
T8, T7 and T3 had higher values for total bulb area
(8.90, 8.30 and 8.22 dmrespectively), stressing once
more the positive contribution of combined Cu and, M

indicate that thecombined B and Mn and B alone relative to BSR dn oi

palm seedlings. Treatment T9 again exhibited thesivo
performance (6.34 cih close to that of T4 (6.37 &n

3.8. Percentage of Infected Bulb Tissues and
Disease Severity Index for Bulb Symptoms

There was no significant difference observed among
inoculated treatments for the percentage of bubuts
decayed Table 8) but the B + Cu Treatment (T6) had
the highest percentage of infected bulb tissues38p5b),
followed by B + Cu + Mn (T9) (74.92%). The treatrhen
B + Mn (T7) had the lowest percentage of bulb t&ssu
infected byG. boninensdo suggest a delay in disease
progress by B + Mn added to the basic fertilizer.

Differences in the Disease Severity Index for Bulb
symptoms (DSIB) were not significant, but followtt
same trend observed for the percentage of infdutél
tissues whereby the B + Cu treatment (T6) had the
highest DSIB (82.81%) followed by T9 (79.69%), wehil
T7 gave the lowest index (62.50%). The same ininat
of some potential of combined B + Mn to impair
Ganodermaprogress compared to combined B + Cu and
B + Cu + Mn can be stated; however, this effeco als
may be from the B treatment alone. It could also be
stated that Cu or Mn tended to increase diseasgigev

A positive RWB can reflect the degree of inoculum
pressure on oil palm seedlings. Thus, in spitéeftigh
inoculum pressure exerted KB boninenses indicated
by almost 100% positive RWB, the B + Mn (T7), Cu +
Mn (T8) and, to a slight extent, B + Cu (T6) hadsle
mycelium and fruiting body development compared to

may predispose less to (or delay) the expansion ofhe other treatments considered under lower pressur

Ganodermainfection in the bulb while B + Cu, as well
as B + Cu + Mn might predispose bulb tissues ty eas
maceration by this pathogen although none of the
treatments were significantly different.

3.7. Bulb Area

The estimation of bulb areddble 7) at the end of
the experiment showed thaGanoderma infection
drastically and significantly (0.05) reduced the total
bulb area compared to the non-inoculated contrbk T
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(Table 9). This could suggest that T7 (B + Mn) and T8
(Cu + Mn) suppres$s. boninensebetter than all the
other treatments; however, this was not reflected i
significantly reduced disease severityble 8).

Overall, B, Cu and Mn were shown to influence
GanodermaBSR on oil palm seedlings. The effects
observed are either synergistic when these elenzats
applied in double combinations, or antagonistic nvtrey
are supplied in triple combination. Taken indivitiya
their effects are not as positive as their cominnat
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Table 7. Effects of B, Cu and Mn-supplemented fertilizers thve bulb area of oil palm seedlings eight montfiera
inoculation withG. boninense

Treatment T1 T2 T3 T4 T5 T6 T7 T8 T9

Bulb area (crf) 18.86+1.53  7.77+1.47 8.22+3.3% 6.37+2.72 7.74+1.88 7.19+0.68 8.30+1.18 8.90+3.38 6.34+0.93

Note: Means with the same letter are not signifigadifferent according to Duncan’s Multiple Ran@est (DMRT) at = 0.05;

values are the means of four replicates + stanelacdt. T1 (Absolute control) = BF witho@anodermaT2 (Inoculated control) =

BF + GanodermaT3 = BF + B +GanodermaT4 = BF + Cu +GanodermaT5 = BF + Mn +GanodermaT6 = BF + B + Cu +

GanodermaT7 = BF + B + Mn +GanodermaT8 = BF + Cu + Mn ¥GanodermaT9 = BF + B + Cu + Mn anodermaT9 = BF

+ B + Cu + Mn +Ganoderma

Table 8 Percentage of infected bulb tissues and diseaszity index for bulb symptoms eight months aiffterculation

Treatment Percentage infected bulb tissue Diseaity index for bulb symptoms
T1 0.00+0.08 0.00+0.08

T2 64.61+6.2% 65.63+5.98

T3 60.70+13.39 62.50+12.76

T4 70.70+15.07 73.44+14.96

T5 69.49+8.5¢% 71.88+8.27F

T6 75.83+5.16 82.81+5.34

T7 57.69+12.17 62.50+12.24

T8 63.26+11.69 65.63+11.55

T9 74.92+4.08 79.69+5.34

Note: means with the same letter for a given patamare not significantly different according to inan’s Multiple Range
Test (DMRT) at = 0.05; values are the means of four replicatestandard error. T1 (Absolute control) = BF without
GanodermaT2 (Inoculated control) = BF @anodermaT3 = BF + B +GanodermaT4 = BF + Cu +GanodermaT5 = BF +
Mn + GanodermaT6 = BF + B + Cu #GanodermaT7 = BF + B + Mn +GanodermaT8 = BF + Cu + Mn #GanodermaT9

= BF + B + Cu + Mn +Ganoderma

Table 9. Summary of fungal structures observed on inoatiis¢edlings in different treatments and numbepsitipe rubber wood blocks

Treatment
Fungal structure T2 T3 T4 T5 T6 T7 T8 T9 Total
Mycelium 11 13 13 13 14 11 11 14 100 (78.12%)
White button/Basidiomata 6 7 5 7 4 4 5 6 44 (34.37%
Positive RWB 14 12 14 15 16 15 15 15 116 (90.62%)

Note: Average of 16 oil palm seedlings for eaclttreent; T2 (Inoculated control) = BFGanodermaT3 = BF + B +Ganoderma
T4 = BF + Cu +GanodermaT5 = BF + Mn +GanodermaT6 = BF + B + Cu #GanodermaT7 = BF + B + Mn +GanodermaT8
= BF + Cu + Mn +GanodermaT9 = BF + B + Cu + Mn anoderma

These variations reflect the inconsistency of tffeces Boron, Cu and Mn use various mechanisms to control
of micronutrients on disease pointed out by Marschn Pplant diseases. As pointed out by (Graham and Webb,
(2012). The antagonism of the triple combinatioguge ~ 1991), there is no conclusive evidence which erglai
difficult to explain and shows how complicated and Now B decreases diseases caused by vascular er soil
interdependent the interrelationships are betweenPOrne pathogens. That is, it is difficult to deterenat
nutrients in the plant system (Ranade-Malvi, 20Thjs V.Vh'Ch point in pathogerrl]e5|_s ||3 Eas an effect. L'%d'f
negative effect of B + Cu + Mn is somewhat simpiar  1SSUES_constitute a physical barrier suggesteda as

I mechanism used by B to inhibit invasion of xylem by
the results of Jones and_WoItz (1970) who f(_)l_md pathogen (Lewis, 1980). Other mechanisms include
+ Mn + Zn or Fe + Mn did not nullify the positivéfect

e . : i > retardation in the movement of fungal hyphae thhoug
of liming in reducingFusariumwilt of tomato incited by  {he cortex (Graham and Webb, 1991), improvement of
Fusarium oxysporunf. sp. lycopersicj while Fe + Zn  pectin synthesis or stabilization to strengthen dieid
and Mn + Zn reversed it. They stated that why @erta |amella and make them suppressive or less conduaive
combinations of micronutrients encouraged wilt hyphae penetration since many root-infecting pathsg
development whereas others did not is not known. synthesize pectinases (Marschner, 2012). Boron also
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reduces some plant diseases thanks to its roldén t Mn as reported by Fageria (2001). Being a compooent
production of antifungal phenolic/lignin metabolism polyphenol oxidase (Graham and Webb, 1991), Cu
(Graham and Webb, 1991). Another defence involvement in the synthesis of soluble phenols and
mechanism of B is the formation of papillae to iloc their oxidation to toxic quinones such as caffeimgnes
pathogen penetration. The papillae are said toasont to kill G. boninensés conceivable, but was not manifest
both lignin and callose whose synthesis is infléehc jn the RWB. Copper deficiency has a primary effect
by B (Lewis, 1980; Shimomura, 1982; Marschner, the content of phenolic constituents of the celllsva
1986; Cadena-Gomez and Nicholson, 1987). In therobsonet al, 1981). Phenolic compounds are known to
present study, B in synergy with Mn or Cu may have pe implicated especially in the resistance of slatat
reduced BSR most probably by retardi@gboninense  (iseases of fungal origin (Graham, 1980). Terpesjoid
hyphae progres_sio_n in root .cortex _and bulb tissuesgch as sesquiterpenoids, are another group ofidaco
rather than by lignin synthesis (Lewis, 1980) b&gau eianglites which accumulate in plants in respdoggu

G. boninenses an efficient lignin-degrader. Moreover, yoatment (Chmielowsket al, 2010). This antimicrobial
f.ro”.‘ the early results of this s_iudy, It appearhd?t compound, together with soluble phenolics, showaideh
lignin could not be a good criterion to differenéa contributed to reduce®. boninenseeffects on oil palm

susgeptlble andt_tqlertant 0"_&3";“ pro?enyﬁs. . seedlings, but most parameters for disease were
opper participates wi in lignification as a oo by cu,

plant_ .defence Strategy against plant pathogens.  pgagigeg it involvement, like B and Cu, in lignin
Specific mechanisms employed by Cu to reduce plantbiosynthesis as a defence mechanism, Mn can

diseases include direct toxicity to pathogens (Hube indirectly act on the pathogen by improving the
1989; Evanset al, 2007) and enhancement of plant production  of toxic compounds  (phenolics,

resistance _to disease_z as a regulator or a cofattoany phytoalexins), which inhibit pathogen growth, enzym
enzymes involved in plant defence (Graham, 1983;,.qqyction, replication and sporulation (Huber and
Qraham and. Webb, 1991). Thg effect of Cu on pa}ntnoge Wilhelm, 1988: Thompson and Huber, 2007). The
virulence might be the most important mechanism 10 gyjqation of soluble phenols into oxidized formsito
scrutinise in the present study. Copper is an ¢&en (5 fungi and involved in plant defence is under the
micronutrient for pathogens, _plants _and animals -gntrol of Mn-containing enzymes (Graham, 1983).
(Evans et al, 2007). White-rotting fungi such &.  The enhancement of plant resistance indirectlyttyho
boninensehave Cu-containing enzymes, laccases, amonggot exudates to modify the root environment, cz th
their complex enzymatic system to degrade the woodmogification of important metabolic constituents
Laccases constitute an important virulence fadomnfany required for pathogenic activity is also reported
plant-pathogenic fungi which enables them to degrad (Thompson and Huber, 2007). By activating important
physical barriers, such as lignin and detoxify pigxins  pjochemical reactions in plant defence, such as the
and tannins in the infection site (Mayer and S®@002).  production of phenylalanine ammonia lyase, thet firs
The detoxification of tannic acid inGanoderma  enzyme committed in the phenylpropanoid pathway,

Selective Medium (GSM) is revealed by the brown Mn increases the deposition of recalcitrant lighin
coloration exploited to confirm the internal colpaiion slow down fungal invasion (Burnell, 1988). The

of RWB by G. boninenselt is also conceivable that in  formation of lignitubers was found to halt the
the absence of B and Mn, Cu alone supplied to ¢ile s development of take-all of wheat caused by
for plant use was mostly diverted to mé&tboninense  Gaeumannomyces graminigar. tritici (Huber and
needs which may explain the poorer performance ofwilhelm, 1988). The efficiency of lignin or lignihers
treatment T4 (Cu) in this study. On the other hamdhe in halting fungal invasion could be explained b th
presence of B or Mn, Cu may have been able to egpre incapacity of the pathogen to decompose the lignin
its defence potentials again&. boninense For the  component of the barrier. In the present reseditih,
reason mentioned earlier, lignin or lignificatios less ~ mechanism is less important. Manganese-peroxidase i

likely to be efficient to counteracG. boninense In part of the enzymatic system used by white rot fumg
synergy with B or Mn, Cu may have improved the their wood decaying activity. It is possible that
resistance of oil palm seedlings in different wayhe individual Mn added to NPK fertilizer in its redute

positive effect of Cu + Mn could be explained by form (Mn (Il)) was oxidized byGanoderma Mn-
synergistic action and improvement of Cu net uptake oxidizing enzymes, namely Mn-peroxidase, to Mn (IV)
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to nullify or reduce its beneficial effect in redog oil palm seedlings may reducganodermaincidence
BSR on oil palm seedlings. The function of Mn and severity slightly. The additional amount of Mn
oxidation in fungi is believed to primarily involvine seldom leads to phytotoxicity since it is well know
depolymerisation of lignin, using Mn (lll) as thadl that under acidic and poor drainage conditions, oil
redox mediator in the breakup of randomly assembled palm is able to accumulate up to 800-1000 mg Mn/kg
enzyme-resistant polyphenolic structures (Thompsonwithout visible signs of toxicity (Munevar, 2001).

and Huber, 2007). The oxidation of Mn is said tathe

sole reaction performed by Mn-peroxidase (Thompson 4. CONCLUSION

and Huber, 2007) and requires reduced Mn as a

cofactor (Glennet al, 1986). When Mn-peroxidase The results of this study indicate that the double
oxidizes Mn (Il) to Mn (lIl), the Mn (lll) complexe to combinations of the selected micronutrients could
lactate or other alpha-hydroxy acids is able todizd perform better than the individual nutrients aneith
all of the compounds which are oxidized by the triple combination on pathological parameters altjto
enzymatic system (Glenat al, 1986). In this study, none were generally significantly different frometh
Mn in synergy with B or Cu may have been available control. Among the double combinations, B + Mn (T7)
for oxidation by GanodermaMn-oxidizing enzymes. and Cu + Mn (T8) generally gave better results tBan
From the lower Epidemic Rate (ER) indicative of + Cu (T6) for nearly all the parameters investigate
slower disease development and lower percentage of he only individual nutrient which performed welbes
infected bulb area, among other good performancesB With a lower epidemic rate for the percentage or
observed with B + Mn (T7) and Cu + Mn (T8), it can _severity of foliar symptoms, lower percentage of
be postulated that in association with either BCar, infected roots and lower disease severity index déot
Mn exerted its influence on host resistance Go symptoms, lower di_sease severity index for in_fected
boninenseby improving the defence system of oil palm bulb_ tissues _and higher total bulb area. Subject to
seedlings. The direct effect of Mn @. boninensds  confirmative field tests, B + Mn and Cu + Mn, stoul
also possible as observed by (Mortvedtal, 1961; be con5|d_e_red_ as combinations to integrate intoothe
1963) who found that the amount of Mn absorbed byPam fertilization programme to reduc®anoderma
potato was not the control factor for scab causgd b BSR incidence and severity.

Streptomyces scabiebut the direct effect of water

soluble soil Mn on the pathogen itself. Furthermore 5. ACKNOWLEDGEMENT
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