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Abstract

Basal plate rot or moler caused by Fusarium oxysporum f. sp. cepae (FOCe) is the most important
disease of shallot. However, the information of crop losses attributed to the pathogen is still limited,
especially related to resistance of shallot. This paper discusses the correlation between disease severity
and resistance of some shallot varieties to yield losses. The experiment was arranged by Completely
Randomized Design (CRD) with six varieties of shallot as treatments, each of which consisted of 20
shallots, with three times of replications. The independent variables were the disease severity of twisting
leaf and rotting of shallot bulb. The association of disease severity versus yield losses in different
varieties was based on the correlation analysis. The results showed that both variables were positively
correlated to yield losses, which were significantly affected by the level of resistance. Yield losses in
resistant and moderate varieties were at the ranges of 2.13-4.38 and 15, 27.26-40.04, respectively.
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INTRODUCTION

Shallots (Allium ascalonicum L.) are an
important commodities in the world and the
demand of them will increase gradually, in line
with the increasing population growth. Increasing
shallot demand also occurred in Indonesia with
the average increase of national consumption in
2014-2018, reaching 2.88% per year (Manurung,
2019). This growing consumption is not
supported by the low national productivity and
often insufficient availability of commodities to
meet the national demand (Yanuarti and Afsari,
2016). The presence of pests and diseases is the
important constrain in shallot production. Like all
other Allium crops, shallot is attacked by many
diseases and insect pests at different crop growth
stages and this causes considerable losses in yield
(Dinakaran et al., 2013; Mishra et al., 2014).
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The most noticeable disease of shallot is basal
plate rot, which is popularly called moler, caused
by Fusarium oxysporum f.sp. cepae (Hanzawa)
Snyder & Hansen (FOCe). Basal plate rot of
shallot has the following symptoms (Armstrong
and Armstrong, 1981; Michielse and Rep, 2009;
Dinakaran et al., 2013). In the above ground parts,
the leaves are twisting and yellowing, starting
from the lower leaves. The infected plant becomes
stunted. The disease can also cause delayed
emergence of seedlings. In the growing stage, at
the bottom of the plant, the roots and bulbs
become rotted, with brown to dark brown in color.
The rot often starts at the bulb base (root plate)
and then it progresses upward and outward. The
pathogen can also cause significant damage in the
storage (Schwartz, 2008). In the fields, the disease
incidents are greatly varied at the range of 13.75-
77.90% (Wiyatiningsih, 2007).
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Most diseases affected by Fusarium are very
difficult to control because the pathogens can
survive for a long time in the soil under adverse
environmental conditions, even without a host
plant (Agrios, 2005; Costa et al., 2018; Arie,
2019). When the Fusarium is stressed by
unfavorable environmental conditions, it will
form a resistant structure called chlamydospore,
which has thick walls and contains a lot of
food reserves (Booth, 1971; Armstrong and
Armstrong, 1981; Nelson, 1981; Costa et al.,
2018; Arie, 2019)

The control of diseases attributed to Fusarium
must be done through an integrated management
approach (Jiménez-Diaz and Jiménez-Gasco,
2011). One important component in the
management of plant diseases is planting resistant
varieties (Armstrong and Armstrong, 1981;
Michielse and Rep, 2009). In addition, planting
resistant plants is highly relevant to the concept
of sustainable agriculture, which prioritizes
environmentally friendly methods, because
planting resistant plants can reduce the use of
pesticides, so that it can reduce the negative
impacts of pesticide uses (Ronald, 2011; Velten
et al., 2015; Brzozowski and Mazourek, 2018;
Lampridi et al., 2019). The uses of resistant
varieties are practical measures for controlling the
diseases caused by Fusarium oxysporum in the
field (Armstrong and Armstrong, 1981; Michielse
and Rep, 2009). The studies on the resistance of
some shallot varieties to basal plate rot have been
conducted (Nugroho et al., 2011; Prakoso et al.,
2016; Edy, 2019; Wijoyo et al., 2020) however,
the information on yield losses triggered by basal
plate rot is still limited. Yield loss is the
guantitative decrease of the crop yield due to a
single injury or an injury profile. The yield loss is
the difference between the attainable yield and
actual yield and it can be expressed in terms of
weight or volume, or as relative yield loss (%)
with respect to the attainable yield (Nutter et al.,
1993; Savary et al., 2006).

In this study, the researchers define the yield
loss as the difference between healthy crop yield
and diseased crop yield in percentage (%). Some
scientists have reported about the effects of host
varieties on basal plate rot and the yields of shallot
(Prakoso et al., 2016; Edy, 2019). Prakoso et al.
(2016) informed that each cultivar of shallot from
several production areas in East Java had
different levels of resistance. The shallot cultivar

(cv.) Batuijo performed as moderately resistant,
while the cultivars Bauji from Magetan and
Nganjuk were susceptible to FOCe. The
productivity of shallots was affected by the
disease severity and the variety of shallot
(Wiyatiningsih et al., 2009; Prakoso et al., 2016;
Deden and Umiyati, 2017; Edy, 2019). The
reports, however, did not discuss about the yield
losses by the disease. The yield loss is important
to describe the risk of yield reduction because of
pathogen infection. The information about yield
loss will be helpful in plant disease control based
on disease intensity subjected to the level of plant
resistance. This paper discusses the effects of the
levels of disease severity and resistances of some
shallot varieties inoculated with FOCe in
controlled condition.

MATERIALS AND METHOD

The study was conducted in the Laboratory of
Plant Pests and Diseases, Faculty of Agriculture,
Universitas Sebelas Maret (UNS) Surakarta,
Indonesia and greenhouse of Observation of Food
Crops Pests and Diseases in Sukoharjo, belonging
to the Center for Plant Protection on Food Crops,
Horticultures and Plantations of Central Java in
Sukoharjo (Central Java, Indonesia) in September
2017 - May 2018. The experiment applied a
Completely Randomized Design (CRD). Six
varieties of shallot used in this study were Bima
Curut, Bima Rajat, Bauji, Tajuk, Bali Karet and
Bali Lancur. Each variety was represented by 20
seeds of shallots planted in sterile planting media
of soil mixed with compost with the ratio of 3:1
(volume) in a plastic tray (45 cm x 30 cm x 20
cm), consisting of 3,000 g of air-dried soil as a
treatment unit and it was repeated three times.

The inoculation was carried out by infesting
and mixing the FOCe conidia suspension into the
media with a density of 10° conidia g™ of soil. The
conidia density was determined by the infestation
of 300 ml conidial suspension (10° conidia ml?)
into the soil. In the control treatment, the
seeds were planted on soil media without the
infestation of FOCe. Fertilizing was done based
on the recommendations from the Center for
Horticultural Research and Development,
Republic of Indonesia, as follows. The basic
fertilizers in the forms of compost 3 ton ha* and
dolomite 1.5 kg ha'?, TSP 200 kg ha* were applied
at the age of 1 day before planting. The
supplementary fertilizers I and Il were given at the
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age of 15 and 30 days after planting each mixture
with Urea (150 kg ha') + ZA (200-350 kg ha't) +
KCI (200 kg ha'l).

The variables observed were disease severity
of twisting leaf (moler) and basal plate rot of bulb,
weight of fresh plant biomass and the weight of

shallot bulbs. Disease severity was accessed by

the formula DS = %x 100% where n is the

observed sample, v is the disease score, N is the
number of samples observed and V is the highest
disease score. The leaf twisting was scored and
categorized into the followings, score 0 = 0%
severity (no leaf twisting), score 1 = 1-10% leaf
twisting, score 2 = 11-30% leaf twisting, score 3
= 31-75% leaf twisting and score 4 = > 76% leaf
twisting. The determination of basal rot disease
severity was conducted based on the scoring
system used by Sintayehu et al. (2011) with
modification, as follows, score 0 = no rotting,
score 1 = 10% rotting root, score 2 = 10-30%
rotting root with 10% rotting bulbs, score 3 =
100% rotting root with 10-30% rotting bulbs and
score 4 = 100% rotting root with > 30% rotting
bulbs. The levels of plant resistance were
determined based on the scale of diseases severity
used by Esfahani et al. (2012) with a slight
modification, including resistant (0-10%),
moderately resistant (11-25%), moderate (26-
50%), moderately susceptible (51-75%) and
susceptible (76-100%).

Growth reduction in each shallot variety was
decided by calculating the difference between the
weight of fresh biomass of the shallots without
pathogen inoculation and those of pathogen-

inoculated shallots. Yield losses were associated
with the difference between the weight of bulbs of
shallot without inoculation and those were
inoculated with the pathogen. All variables were
observed at the time of harvesting or nine weeks
after planting (WAP), except the growth variable
that was observed at six WAP. The correlation
analysis of the disease severity to growth
reduction and yield losses was performed using a
simple linear regression correlation. To analyze
the difference between the averages Analysis of
variant (ANOVA) and Duncan’s Multiple Range
Test (DMRT) at level of 5% were carried out.

RESULTS AND DISCUSSION

The different shallot varieties showed various
responses to FOCe infection. The responses were
resistant, moderately resistant, moderate and
moderately susceptible. In this study, there was no
variety that showed susceptible response. The
resistant response was performed by cv. Bali
Lancur, moderately resistant by cv. Bali Karet,
moderate by cv. Bauji and Tajuk and moderately
susceptible by cv. Bima Curut and Bima Rajat.
The different level of resistance gave impacts on
the growth of shallots. The growth reductions
of shallot depended on the responses related to
the disease severity (Table 1 and Table 2).
Due to the absence of variety showing susceptible,
yield losses to disease severity were extrapolated
by using the existed formulation of the
linear correlation of disease severity to
growth reductions and yield losses (Figure 2 and
Figure 3).

Table 1. The responses of several shallot varieties to FOCe

Variety Twisting leaf severity (%) Basal plate rot severity (%) Response category
Bima Curut 57.07+15.66¢d 45.50+10.94c Moderately susceptible
Bima Rajat 64.10+11.27d 50.67+04.44c Moderately susceptible
Bauji 46.17+03.33cd 30.80+00.00b Moderate
Tajuk 37.17+12.51bc 25.00+06.93b Moderate
Bali Karet 17.97+07.28ab 10.90+08.00a Moderately resistant
Bali Lancur 7.70£13.32a 4.50+07.77a Resistant

Note: The values in the same column followed by the same letter are not significantly different based on DMRT

(p <0.05)

The result of regression analysis showed the
coefficient of determination (R?) 0.92 for diseases
severity versus growth reduction and 0.97 for
diseases severity versus yield losses. Therefore,
the formulation results are significantly eligible

to predict the interpolation and extrapolation
value of the dependent variables. As the
correlation was performed in different varieties,
it is assumed that the correlation is free
from other independent variables, such as the
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tolerance of the shallot varieties to fusarium
infection.

The variations of disease severity among the
shallot varieties were influenced by the resistance
level. Saxena and Cramer (2009) stated that
genetic compatibility between the host and
pathogen will affect the aggressiveness of the
pathogen infecting the host. According to
Esfahani et al. (2012) resistance responses were
determined by the genotype of each shallot
variety.

The resistance of shallot varieties to basal plate
rot was likely influenced by the morphological
characteristics of the bulbs. Based on the visual
observations, Bali Lancur shallot cultivar, which
was resistant to basal plate rot, had a larger size
and thicker bulb plates than the others. Shallots

with thicker bulbs had a higher resistance level
than those with thin bulbs. This result is also
in line with a statement that thick bulb plates is
more difficult for penetration and the spread of
FOCe inside the host plant tissue (Prakoso et al.,
2016).

The resistant and moderately susceptible
responses to shallot varieties were represented by
cv. Bali Lancur and Bima Rajat, respectively
(Figure 1). Disease progression in Bali Lancur
was much faster than in Bima Rajat. The earlier
symptom of FOCe infection on Bima Rajat was
shown by the twisting and yellowing of the shallot
leaves, followed by wilting. This is obviously
different than that was shown in Bali Lancur that
remained green and vigor without clear
yellowing, twisting or wilting.

a

The disease severity attributed to FOCe is
influenced by the susceptibility of the host plants,
virulence of pathogens and environmental
conditions (Heil and Bostock, 2002). The disease
intensity in Bima Rajat was more severe than in
Bali Lancur. Bali Lancur was resistant to FOCe
presumably because the growth of Bali Lancur
variety tended to increase well until the end of the
observation. Uninoculated Bali Lancur showed a
better growth pattern compared to Bali Lancur.
According to Agrios (2005), FOCe is difficult to
infect the hosts with well growth. This is so for
FOCe is a weak parasite, so that it can infect the
plants that are in weak condition (Waller and
Brayford, 1990; Costa et al., 2018; Rampersad,
2020).

Table 2 presents that FOCe infection had a
significant effect on growth and yield of some
shallot varieties. The infection on susceptible

. b.
Figure 1. The responses of shallots to FOCe on (a) Bali Lancur (resistant) and (b) Bima
Rajat (rather susceptible)

varieties causes the disturbance of physiological
functions of plant, such as photosynthesis, as well
as water and nutrient translocation (Agrios, 2005)
and therefore, the high disease severity causes
significant reduction of the growth and yield of
shallots.

In terms of resistance, basal plate rot disease
reduced the growth of Bali Lancur shallot by
1.88% and the crop loss was only 2.13%, whereas
in moderately susceptible cultivar, Bima Rajat,
the disease caused growth reduction by 46.88%
and crop loss of 55.97%. The high growth
reduction and vyield losses in moderately
susceptible variety were due to the high severity
of the disease. Nugroho et al. (2011) specified that
high intensity of basal plate rot disease can reduce
the bulb weight. According to Fadhilah et al.
(2014), FOCe infection inhibits shallot growth
and causes yield losses as the bulbs are rotting.
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Table 2. The growth reduction and yield losses on several shallot varieties infected by FOCe

Variety Response category Growth reduction (%)* Yield losses (%)**

X (predicted) Susceptible >49.86*** >65.49%**
Bima Curut Moderately susceptible 30.76+21.57bc 42.98+12.62cd
Bima Rajat Moderately susceptible 46.88+14.99c 55.97+10.71d
Bauiji Moderate 28.68+13.78bc 40.04+05.20bc
Tajuk Moderate 14.07+£02.73ab 27.26+06.09b
Bali Karet Moderately resistant 2.83+02.34a 4.38+03.24a
Bali Lancur Resistant 1.88+00.45a 2.13+02.74a

Note: * = Based on the observation data on six WAP; ** = Based on the observation data on nine WAP; The
values in the same column followed by the same letter are not significantly different based on DMRT
(p < 0.05); *** = growth reductions and crop losses of susceptible varieties were extrapolated by linear

regression analysis

In this study, there was no variety categorized
as susceptible. However, the reductions of growth
and the crop losses of susceptible varieties can be
predicted based on extrapolation analysis using
the formulation of linear regression correlation
between disease severity as independent variable

and growth reductions and crop losses as the
dependent variables (Figure 2 and Figure 3).
Extrapolation is the process of estimating variable
values beyond the original observation interval
gleaned from the relationship between these
variables and other variables.
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Figure 2. The linear regression correlation between twisting leaf severity and
growth reductions in different shallot cultivars
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Figure 3. The linear regression correlation of twisting severity and yield
losses in different shallot cultivars
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The results of the extrapolation showed that
growth reduction of shallots in susceptible
varieties could be 49.86% or more. Growth
reduction was significantly influenced by FOCe
infection. FOCe can cause physiological function
of shallot to be disturbed so that the growth is not
optimal. Prakoso et al. (2016) explained that after
penetrating the host tissue, FOCe produces toxin,
such as famoniris, which alters the elasticity of
plasma membrane, so the leaves will be easily
bended and twisted. According to Agrios (2005),
pathogens also inhibit the process of translocation
of water and plant nutrients and thus, upper parts
of the infected plant cannot perform their
functions properly.

Stemmed from the results of extrapolation
using the function y = 0.9748x - 8.5934, where ‘y’
is crop loss and ‘x’ is twisting leaf severity, the
crop losses on susceptible shallots were at 65.49%
or more. Wiyatiningsih et al. (2009) recounted
that FOCe infection in shallot could reduce 50%
of the yields in susceptible cultivars. Whereas
Sintayehu et al. (2011) reported that Fusarium
basal rot caused 45% loss in yield. Similarly, in
Japan, during summer period, more than 50%
loss happened in welsh onion due to Fusarium
basal rot (Dissanayake et al., 2009). The vyield
reduction could even up to 90% if the disease
occurred in the seedling phase (Barnoczkine,
1986).

CONCLUSIONS

There were various responses of shallot
varieties tested against FOCe infection, namely
moderately susceptible (cv. Bima Rajat and Bima
Curut), moderate (cv. Bauji and Tajuk),
moderately resistant (Bali Karet) and resistant (cv.
Bali Lancur). Growth reductions and yield losses
were significantly determined by the responses of
shallot varieties. Growth reduction in resistant
variety (Bali Lancur) was 1.88% and yield losses
in  resistant-moderately resistant, moderate-
moderately susceptible varieties were at the
ranges of 2.13-4.38 and 27.26-55.97, respectively.
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