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ABSTRACT
This research aimed to determine the best liquid media for the propagation of weed pathogenic fungi, the duration of the 
fungus storage on the media, and their virulence on goatweed (Ageratum conyzoides). The research consisted of two stages, 
i.e., the propagation of weed pathogenic fungi in alternative liquid media using a factorial completely randomized design, 
with the first factor being the pathogenic weed fungus (Curvularia sp., Fusarium sp., and Chaetomium sp.) and the second 
one being the media (tempeh or tapioca liquid waste) with four replicates. Applications were carried out using a hand sprayer 
on the underside of weed leaves at a density of 106 conidia or cfu mL-1. Each weed was sprayed with 10 mL of the solution. 
Variables observed were conidia density, number of colonies, incubation period and symptoms, disease intensity, the area 
under the disease progress curve (AUDPC), plant height, number of leaves, dry crown weight, and dry root weight. The 
results showed that tempeh and tapioca liquid waste media could be used as alternative media for multiplying pathogenic 
fungi. The conidia density of Curvularia sp. was 2.375 × 109 conidia mL-1 higher than that of Fusarium sp. at 1.7 × 109 
conidia mL-1 and Chaetomium sp. at 9.5×104 cfu mL-1. Curvularia sp. propagated in tempeh liquid waste was able to cause 
damage to the leaves of goatweed as shown successively from the incubation period of 3.33 dai or accelerating 81.50%, 
increasing the disease intensity of 88.78%, and the AUDPC of 713.25% days compared to control. The most effective shelf 
life of Curvularia sp., Fusarium sp., and Chaetomium sp. in both tempeh and tapioca liquid waste media was found at six 
weeks at room temperature. Curvularia sp. in tapioca liquid waste could decrease weed height, the number of leaves, shoot 
dry weight, and root dry weight by 45.11, 28.65, 22.12, and 46.25%, respectively, compared to control.
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INTRODUCTION

Indonesia is a tropical country with fertile 
soil and high biodiversity. Indonesian soil, with its 
fertility, will produce plants that can grow wild or 
grow by being planted and given care. Weeds are yield-
limiting factors besides pests and pathogens. Weeds 
thrive alongside the main crop, whose presence is not 
expected by farmers because it interferes with plants 
(Raza et al., 2019). Goatweed (Ageratum conyzoides) 
is a weed that generally becomes the dominant weed 
in various crop cultivation areas (Pyšek et al., 2004).

Weeds cause a decrease in both the quality and 
quantity of a plant and slow plant growth (Raza et al., 
2019). Losses caused by weeds are usually caused by 
the nature of weeds that have high competitiveness 
(Abouziena et al., 2014-2015). The nature of weeds 

that have high competitiveness is typically what causes 
losses (Abouziena et al., 2014-2015). Farmers prefer 
chemical weed control that relies on herbicides so far 
because it produces results quickly (Shamkuwar et 
al., 2019; Singh et al., 2020). The use of herbicides 
has a negative effect on cultivated plants (Cullen et 
al., 2019), so efforts are made to look for compounds 
that are selective and applied in the right way.

The continuous use of chemical herbicides has 
a negative effect on the environment, causing weeds 
to become resistant and triggering the emergence of 
new, more aggressive weeds (Rahman, 2020; Ustuner 
et al., 2020). This control method in the future will 
face many challenges because the development of 
herbicides is faced with the need for more specific 
chemical compounds with increasing development costs 
and decreasing demand (Duke et al., 2022). Biological 
control, with the use of plant pathogens, provides an 
alternative to the use of chemical control, because it is 
effective, safe, selective, and practical (He et al., 2021).

Weed-pathogenic fungi are an alternative to 
natural weed control. Three weed pathogenic fungi 
have been explored and identified: Curvularia sp., 
Fusarium sp., and Chaetomium sp. (Soesanto et al., 
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2020). The three fungi have been tested against several 
types of weeds (Ziaulhak et al., 2019; Soesanto et al., 
2020; 2021). Propagation of pathogenic fungi can use 
alternative, easy, and inexpensive media (Basu et al., 
2015; Soesanto et al., 2021). Organic liquid waste has 
excellent potential as a medium for the propagation of 
biological agents because it contains a good nutritional 
composition for microbial growth (Siddeeg et al., 2020). 
Among them are tempeh and tapioca liquid wastes. The 
protein, carbohydrates, and fat content in the liquid waste 
of tempeh were 0.47 g, 4.06 g, and 0.04 g, respectively 
(Sari & Rahmawati, 2020). Tapioca wastewater has 
a carbon content of 119.11 mgL-1 (Kunindar et al., 
2018). The purpose of this study was to determine 
the best organic liquid media for the propagation of 
weed pathogenic fungi, their virulence against weeds, 
and the effective shelf life of these fungi cultivated 
in tempeh liquid waste or liquid waste of tapioca. 

MATERIALS AND METHODS

Research Site. The research was conducted at the 
experimental farm, Faculty of Agriculture, Jenderal 
Soedirman University, in Purwokerto Central Java, at 
125 m above sea level.

Preparation of the Pathogenic Fungi Isolates. The 
fungi isolates identified as Fusarium sp., Chaetomium 
sp., and Curvularia sp.. They were the result of 
exploration from previous studies and had undergone a 
series of tests (Soesanto et al., 2020). Each pathogenic 
weed fungus was then propagated on PDA media 
in Petri dishes and incubated for seven days at 
room temperature (Alsohaili & Bani-Hasan, 2018).

Preparation of Liquid Media. This tempeh liquid 
waste was obtained from the tempeh industrial center, 
Pliken Village, Kembaran District, Banyumas Regency, 
Central Java Province, Indonesia. The tapioca liquid 
waste was obtained from the factory at Manonjaya 
District, Tasikmalaya Regency, West Java Province, 
Indonesia. Tempeh liquid waste and tapioca liquid 
waste were filtered first using filter paper. The pH of 
each liquid medium was measured and adjusted to 
be neutral (pH 7) using HCl or NaOH. Furthermore, 
tempeh and tapioca liquid waste were boiled with 10 
gL-1 of sugar. After that, the media was sterilized using 
an autoclave for 30 min at 121 ºC (Soesanto et al., 2021).

Propagation of the Pathogenic Fungi Isolates. 
Pathogenic fungi were propagated using tempeh 
liquid waste and tapioca liquid waste, which had been 

sterilized. The liquid media used was 100 mL in each 
250 mL Erlenmeyer flask. Inoculation was done by 
adding 5 cork drill bits (diameter 1.0 cm) colonies 
of each fungal isolate. The inoculated media was 
then incubated for 7 days using a shaker at 150 rpm 
at room temperature (Hudson et al., 2021). Next, the 
Erlenmeyer flask was removed from the shaker and 
stored for 12 weeks at room temperature to determine 
the shelf life of each fungal isolate. Every 10 days, the 
conidia density was calculated for Fusarium sp. and 
Curvularia sp., which were present in each medium 
from inoculation until 10 weeks after inoculation using 
a hemocytometer to obtain a density of 106 conidia mL-1 
(Kamaruzzaman et al., 2016). Meanwhile, specifically 
for Chaetomium sp., which has been propagated in 
tempeh liquid waste media and liquid tapioca waste, 
dilutions were carried out in stages up to 10-3 cfu 
mL-1. The fungus is propagated differently because it 
is difficult to produce conidia when grown in liquid 
waste. Fungal colonies growing from isolation were 
counted using the Total Plate Count (TPC) method to 
obtain a density of 106 cfu mL-1 (Parveen et al., 2014).

Preparation of Goatweed. Preparation was carried 
out by exploring uniform weed seedlings with a height 
of 11 cm and a number of leaves 7 strands. Weeds 
were planted in 15 × 25 cm polybag media in the 
screen house; each polybag contained three weeds.

Application of the Pathogenic Fungi. The method 
of application of weed pathogenic fungi was a liquid 
waste that had been given and preserved for 8 weeks. 
Applications were carried out using a hand sprayer 
on the underside of weed leaves at a density of 106 
conidia or cfu mL-1. Each weed was sprayed with 
10 mL of solution without adding stickers, and then 
each weed was covered with plastic for 1 × 24 hours 
before the plastic was discarded. The application was 
carried out five times with an interval of three days.

Experimental Design. The study consisted of two 
stages, the first stage The study consisted of two stages, 
the first stage was propagation of weed pathogenic fungi 
in alternative liquid media. The test used a factorial 
completely randomized design. The first factor was 
the type of weed pathogenic fungi (Curvularia sp., 
Fusarium sp., and Chaetomium sp.) and the second 
factor was the type of liquid media (tempeh liquid 
waste and tapioca liquid waste). All treatments were 
replicated four times. The second stage of research was 
the spraying application on goatweed with a randomized 
block design consisting of control (goatweed not 



Soesanto et al.                                                            				      Preservation of weeds’ pathogenic fungi      33 

inoculated), Chaetomium sp. + tempeh liquid waste, 
Fusarium sp. + tempeh liquid waste, Curvularia sp. 
+ tempeh liquid waste, Chaetomium sp. + tapioca 
liquid waste, Fusarium sp. + tapioca liquid waste, or 
Curvularia sp. + tapioca waste, with four replications.

Variables and Measurements. Variable observations 
carried out in in vitro tests were measurements of fungal 
conidia density. Counting was carried out every 10 
days to obtain a relatively constant (stationary) density 
using a hemocytometer (Kamaruzzaman et al., 2016).

Whereas, in screen house trials, observation 
was made on disease intensi ty,  which was 
carried out twice a week for three weeks. The 
intensity of the disease was calculated following 
the formula (Wongpia & Lomthaisong, 2010):

DI	 = Disease intensity (%);
v	 = Value of the measurement results of the unit 	
	    of observation;
Z	 = Highest numerical value in the category of 	
	    damage; 
N	 = Number of plants.

Symptom level of infection description (Bhat et al., 
2013):
0 = No leaf infection;
1 = Infected leaf area 0–10%; 
2 = Infected leaf area >11–25%;
3 = Infected leaf area >26–45%;
4 = Infected leaf area >46–75%;
5 = Leaf area infected >76%.

The value of area under the disease progress 
curve (AUDPC) was obtained from observing disease 
incidence. AUDPC can be calculated following the 
formula (Simko & Piepho, 2012):
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AUDPC= Disease progression curve (%-days);
Y            = i+1 observation data;
Yi            = 1st observation data;
Ti+1	   = i+1 observation time;
Ti	   = 1st observation time.

Plant height measurements were carried out 
twice, at the beginning and end of the study. The 
number of leaves per plant was calculated from the 
initial conditions before treatment until the last week 

of observation. The fresh crown weight was measured 
after the completion of digestion. The weed fresh 
weight measurement was carried out using an analytical 
balance. The dry crown weight was measured after 
roasting. Weed weight measurement was carried 
out using an analytical balance. Fresh root weight 
was measured after the completion of destruction. 
Dry root weight was measured after oven drying. 

RESULTS AND DISCUSSION

Propagation of the Pathogenic Fungi in the Liquid 
Waste. The single media treatment had no significant 
effect on the conidia density variable of the fungus 
(Table 1). This means that tempeh liquid waste and 
tapioca liquid waste have the same effect, and both can 
be used as alternative media to replace PDB. The organic 
waste content can support the growth and development 
of pathogenic fungi at the time of research. Tempeh 
liquid waste is thought to have good nutrient content to 
be used as a medium for fungal growth (Hartini et al., 
2018). Tempeh liquid waste contains (C) = 8,51% and 
Nitrogen (N) = 2,27%, with a C/N value = 3.76%, C/N 
value 1.5–2.5% is a critical threshold, while the optimum 
C/N value is 25–30% (Puyuelo et al., 2011). Thus, the 
organic matter contained in tempeh liquid waste has 
been decomposed to be used as a growth supplement.

The single pathogen treatment significantly 
affected the variable density of fungal conidia (Table 
1). The conidia density of Curvularia sp. was 28.42% 
higher than Fusarium sp. and 99.9% higher than 
Chaetomium sp.. Curvularia sp. grows better and faster 
on both organic media types than other pathogenic 
fungi. Organic liquid waste has good potential as 
a medium for the propagation of biological agents 
(Alibardi et al., 2020) because it contains a good 
nutritional composition for microbial growth, such as 
carbohydrates, proteins, water, amino acids, fats, mineral 
salts, and other nutrients (Adebayo & Obiekezie, 2018).

Media requirements for the growth of Curvularia 
sp. are different from the growing conditions of Fusarium 
sp., Curvularia sp., and Fusarium sp. are included in 
the soil-borne fungus, but the infection of the two fungi 
differs. Curvularia sp. more infects on the surface, 
especially in the leaves, while Fusarium sp. generally 
infects plant tissues, especially plant roots (Basu et al., 
2015). Meanwhile, Chaetomium sp. had the lowest 
conidia density, presumably because the composition of 
the compounds in the organic liquid medium did not match 
the needs of the fungus to grow (Soesanto et al., 2021).

Based on the analysis of media × pathogenic 
fungi variety (Table 1), the conidia density in the 
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Treatments      Conidia density (x 102 conidia mL-1)
Media
Tempeh liquid waste    7,983,373   a
Tapioca liquid waste    1,183,335 ab
Pathogenic fungi
Curvularia sp. 23,750,000 c
Fusarium sp. 17,000,000 b
Chaetomium sp.           950 a
Media × Pathogenic fungi
Chaetomium sp. + Tempeh liquid waste               3  ab
Fusarium sp. + Tempeh liquid waste     248,750 c
Curvularia sp. + Tempeh liquid waste     350,000   cd
Chaetomium sp. + Tapioca liquid waste          1.25   a
Fusarium sp. +  Tapioca liquid waste     687,500   e
Curvularia sp. + Tapioca liquid waste     200,000   bc

Table 1. Results of weed pathogenic fungus density after a shelf life of 10 weeks

Numbers followed by different letters in the same row indicate that they are significantly different at 5% level of 
DMRT.

tempeh liquid waste + Curvularia sp. is 42.85% higher 
than tapioca liquid waste + Curvularia sp.. Therefore, 
Curvularia sp. grows better in tempeh liquid waste 
than in tapioca liquid waste. This can happen because 
tempeh liquid waste contains better nutrients than 
tapioca liquid waste. If this fungus lives on dissolved 
organic compounds, it is a saprophytic fungus. In 
addition, tempeh liquid waste contains nitrogen elements 
needed by pathogenic fungi to grow and develop 
(Chaerun, 2009). In the opinion of Manan et al. (2021), 
the nitrogen content of the substrate influences the 
growth and development of the fungal isolate mycelia.

Meanwhile, Chaetomium sp. grown on organic 
liquid waste did not grow well. The growth rate is the 
lowest compared to the development of the other two 
pathogenic fungi. This is primarily determined by the 
genetic nature of the fungus, which affects the habits 
of the fungus to live, especially the nutrients needed 
to live (Bonfante & Desirò, 2017). This condition also 
encourages the adaptation of fungi. Fungi that can adapt 
to new environments, especially new nutrients to support 
their growth, will survive and utilize these nutrients for 
growth (Jacoby et al., 2017). The ability of fungi to grow 
considerably determines the infection and pathogenicity 
of fungi in plants. In addition, the ability of fungi to grow 
well also determines the opportunity for fungi to find 
the infection site in plants (Doehlemann et al., 2017).

Preservation Time. The development of conidia density 

in the two liquid media produced the development 
curve of weed pathogenic fungi (Figures 1, 2, and 
3). In the Curvularia sp. curve, it can be seen that the 
highest fungal growth was at week 6 in both tempeh 
and tapioca liquid waste (Figure 1). In this phase, the 
fungus has adapted to the new organic nutrients so that 
it can grow well and enter the exponential stage. The 
speed of fungal growth is strongly influenced by physical 
factors and the growing medium, such as pH and 
nutrient content, as well as environmental conditions, 
including temperature and humidity (Ali et al., 2017). 
In addition, the growth speed is also determined by 
the nutrient content of the growth medium (Basu et 
al., 2015). Proper nutrition will support fungal growth.
Based on the graphs (Figures 1 and 2), the good shelf life 
is in the 6th week. After more than six weeks, the density 
decreases, which reduces the level of pathogenicity. 
The decline in fungal growth after entering the 
exponential stage was caused by several things, 
including the depletion of nutrients in the growing 
medium due to competition for nutrients. The fewer 
nutrients, the slower the growth of fungi because of the 
higher competition for nutrients (Vrabl et al., 2019).

A description of the growth curve on Fusarium 
sp. showed the highest growth in both tempeh and 
tapioca liquid waste, namely in the 6th week (Figure 
2). This is consistent with the growth of Curvularia 
sp. beginning of growth until the 4th week, the fungus 
undergoes an adaptation or log phase, and which 
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               Figure 3. Number of colonies of Chaetomium sp. in liquid waste media.
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            Figure 2. Density of conidia of Fusarium sp. in liquid waste media.
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     Figure 1. Conidia density of the fungus Curvularia sp. on liquid waste media.
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different from the initial growth of Culvularia sp. 
(Figure 1), which did not have an adaptation stage 
when grown on new organic medium. Fusarium sp. 
takes 4 weeks to adapt to new organic medium. It is 
suspected that the new organic media is more suitable 
for the growth of Curvularia sp. than Fusarium sp.

Fusarium sp. is a soil-borne fungus that requires 
nutrients for its growth in the form of proteins and 
other readily utilized compounds (Basu et al., 2015). 
Fusarium sp. is not equipped with enzymes to degrade 
organic matter, so the ability to use liquid organic 
matter is minimal. The information in Table 1 illustrates 
and supports this. In contrast to Curvularia sp., the 
nutritional needs of Curvularia sp. are needed to grow. 
This indicates that Curvularia sp. is a fungus that is 
easy to grow on new organic nutrients compared to 
the other two fungal species tested (Pan et al., 2018). 
In Figure 2, the two liquid wastes are suitable for the 
growth of Fusarium sp. The nutrient content of each 
liquid waste determines this. Tempeh liquid waste 
and tapioca liquid waste contain nutrients needed for 
the growth of Fusarium sp. and will affect the high 
density of fungi, causing more and more fungi to form 
new conidia (Chaerun, 2009; Kunindar et al., 2018).

Based on the growth curve, the conidia density 
of Fusarium sp. decreased from the 6th to 10th week. 
This decrease is caused by the competition between 
conidia for nutrients. In addition, the formation 
of secondary compounds from conidia, which are 
fungal secondary metabolites toxic to fungal conidia, 
causes the conidia to die. Decreasing the density of 
conidia will also result in a decrease in the level of 
pathogenicity of Fusarium sp. According to Uysal 
& Kurt (2017), inoculum concentration influences 
infection and lesion development. Although the 
number of conidia of Fusarium sp. was low, the 
pathogenicity will still be high if the fungus has a 

high virulence gene. In the stationary phase, the 
number of cells will decrease with reduced nutrients 
in the medium or the presence of toxic compounds and 
decrease with increasing time (Pletnev et al., 2015).

Based on the growth curve, Chaetomium sp. 
showed that the growth of Chaetomium sp. was highest 
in week 8 for both tempeh and tapioca wastewater 
(Figure 3). Chaetomium sp. requires a shorter adaptation 
time than Fusarium sp., which is only two weeks, 
and then grows into an exponential stadium. The 
peak growth of Cahetomium sp. in the 8th week will 
decrease in growth. Chaetomium sp.’s highest growth 
also occurs in tempeh liquid waste, which shows 
that in tempeh liquid waste, the nutritional content 
is more complete and more in line with Chaetomium 
sp. compared to nutrients in tapioca liquid waste.

According to Uikey et al. (2020), the choice of 
growth medium has a significant impact on the colony 
diameter, characters (texture, surface, reverse coloration, 
and zoning), and sporulation of test fungi. The decrease 
in conidia was due to the long shelf life of solid media 
and the content contained in tempeh and tapioca liquid 
waste. This is in line with the research of Long et al. 
(2017) as the shelf life increases, the percentage of 
conidial germination production tends to decrease.

Pathosystem Components of Goatweed. The most 
extended incubation period was tempeh + Curvularia sp. 
and tapioca liquid waste + Fusarium sp. (Table 2). The 
incubation period in the treatment of Curvularia sp. and 
Fusarium sp. showed a significant difference compared 
to the control. The incubation period in Curvularia sp. 
and tempeh liquid waste was 81.50% faster than the 
control (Table 2). The short incubation period is thought 
to be due to several factors, such as the aggressiveness 
of the pathogen in causing disease and the absence 
of inhibition of the pathogen by other microbes (van 

Treatments Incubation
 period (dai)

         Disease 
      intensity (%)

      AUDPC
    (87%-days)

Control (goatweed not inoculated) 18.00 a 0      a 0 a
Chaetomium sp. + Tempeh liquid waste 5.50 bc 80.40 e 358.08 b
Fusarium sp. + Tempeh liquid waste 6.67 c 70.58 b 296.83 b
Curvularia sp. + Tempeh liquid waste 3.33 a 88.78 g 713.25 c
Chaetomium sp. + Tapioca liquid waste 5.33 bc 71.11 c 349.86 b
Fusarium sp. +  Tapioca liquid waste 3.33 a 82.76 f 386.58 b
Curvularia sp. + Tapioca liquid waste 4.25 ab 79.45 d 361.86 b

Table 2. Effect of alternative media + pathogenic fungi on pathosystem components

Note: Numbers followed by different letters indicated significantly different with DMRT at an error level of 5%; 
dai = days after inoculation.
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Seventer & Hochberg, 2017). In addition, also a large 
number of microbial populations will infect more quickly.

The incubation period for the control goatweed 
was 18 days after inoculation because the control weeds 
until the end of the observation showed no disease 
symptoms due to the three weed pathogenic fungi. 
Symptoms of the disease appear more quickly in the 
inoculation of Curvularia sp. and Fusarium sp., either 
grown in tempeh or tapioca liquid waste, respectively, 
which is thought to be caused by the high population of 
fungal conidia produced. This agrees with the conidia 
density (Table 1). The interaction of weed-pathogenic 
fungi and organic liquid waste will determine the 
ability of weed-pathogenic fungi to infect goatweed 
or their virulence. This is evidenced by the interaction 
of each weed pathogenic fungus with each organic 
liquid waste (Table 2). Even though all the interaction 
results can speed up the incubation period compared to 
the control, the time needed will differ. This situation 
indicates that the nutrients in the growth media will 
determine the ability of microbial infection. The 
presence of these nutrients will encourage the production 
of microbial secondary metabolites, which play an 
essential role in the microbial infection of host plants.  

The disease intensity in the treatment showed a 
significant difference when compared to the intensity 
of the disease in the controls (Table 2). The disease 
intensity in tempeh liquid waste + Curvularia sp. was 
88.78% higher than the control and 10.51% higher 
than tapioca liquid waste. This is consistent with 
the incubation period data. That is, Curvularia sp. 
in tempeh liquid waste has a better ability to infect 
host plants, which is shown to be the highest disease 
intensity compared to control and tapioca liquid waste 
+ Curvularia sp. as well as compared with the two 
other weed pathogenic fungi. Meanwhile, Fusarium 
sp. in tapioca liquid waste showed a higher intensity of 
82.76% compared to the control and 14.72% compared 
to tempeh liquid waste. Fusarium sp. prefers tapioca 
liquid waste to tempeh liquid waste, consistent with 
Figure 2. This is due to the nutrients in tapioca liquid 
waste needed by Fusarium sp. to grow and produce more 
microconidia populations, making it easier to infect 
host plants and have higher disease intensity values. 

Disease intensity due to inoculation of 
Chaetomium sp. in tempeh liquid waste showed higher 
data when compared to the control and tapioca liquid 
waste. This condition is similar to Curvularia sp., 
which is more suitable for growing on tempeh liquid 
waste than tapioca liquid waste. This is because the 
nutrients in the tempeh liquid waste are preferred by 
the two fungi for the growth and production of conidia.

AUDPC in the treatment showed significantly 
different results when compared to AUDPC in the 
control (Table 2). This is consistent with data on 
disease intensity and incubation period which are also 
significantly different. AUDPC is used to determine the 
relationship between disease intensity and time. Based 
on Table 2, AUDPC in tempeh liquid waste + Curvularia 
sp. showed a higher value of 713.25% compared to 
the control and 49.27% higher than the tapioca liquid 
waste + Curvularia sp. In line with the disease intensity 
data, the AUDPC value on Fusarium sp. in tapioca 
liquid waste is higher than in tempeh liquid waste.

In contrast, in Chaetomium sp., the AUDPC 
value is also consistent with disease intensity. AUDPC 
value indicates the value of disease progression in 
units of time. The AUDPC value is also affected by 
environmental factors, especially temperature, and 
humidity. Temperature and humidity are suitable for the 
growth of goatweed, supported by the high virulence of 
the weed’s pathogenic fungi, will promote high disease 
development (Steketee et al., 2016). The higher the 
AUDPC value, the higher the disease intensity and 
the higher the disease progression. The higher the 
AUDPC value indicates, the higher the plant resistance 
and more stable genotype across environments. 
Conversely, the lower the AUDPC value, the lower 
the disease development (Bocianowski et al., 2020).

Growth Component of Goatweed. Weed height 
and number of leaves were significantly affected by 
treatment (Table 3). This shows that the differences 
in weed pathogenic fungi and the two liquid wastes 
can affect weed height and the number of leaves. 
The initial weed material used has been sought to be 
uniform so that the existing differences are only due 
to the effect of the treatment. Curvularia sp. in tapioca 
liquid waste reduced weed height by 45.11% and the 
number of leaves by 28.65% compared to the control. 
This is presumably because Culvularia sp. was able to 
produce bioactive compounds in tapioca liquid waste 
media, affecting weed physiology. The physiological 
processes of weeds are disrupted and will result in 
stunted growth. The development of plant diseases can 
disrupt plant physiology, which causes the number of 
leaves to decrease and plant height does not to increase. 

However, the application of Fusarium sp. in 
tempe liquid waste showed no significant difference 
in weed height and number of leaves compared to the 
control. It is suspected that Fusarium sp. in tempe or 
tapioca liquid waste, which causes wilting symptoms in 
weeds and does not drop leaves so that weed height and 
number of leaves are not reduced. This is in accordance 
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with the opinion that Fusarium sp. causing the plants 
to wither and not drop the leaves. In contrast, the 
application of Curvularia sp. in tapioca liquid waste 
showed significant differences compared to the control 
and other treatments in weed height and number of 
leaves, i.e. 45.11 and 28.65%, respectively (Table 3).

Tempeh and tapioca liquid waste respectively to 
reproduce Chaetomium sp. gave less leaves than the 
control and other fungi. This is in line with the results of 
Sadh et al. (2018) that the tempeh industrial liquid waste 
contains nutrients that can be absorbed by plant roots. 
Waste from making tempeh is included in biodegradable 
waste, which is waste material that can be destroyed by 
microbes. Tempe waste contained Mg, Si, P, S, K, Ca, 
Mn, Fe, and Zn. K had the highest elemental content, 
followed by Ca, P, and Mg. The Tempe waste is composed 
of C, N, and S with a C/N ratio of 11.20 (Chaerun, 2009). 
Liquid tapioca waste contains phosphate nutrient that 
can influence cell division and fat formation (Amalah & 
Widyartini, 2018). Cell division is a process by which 
the cell duplicates itself either for growth and repair 
or for reproduction of organism (Robinson, 2021).

The application of weed pathogenic fungi and both 
organic liquid wastes differ significantly compared to 
control but has no effect on the dry weight of both shoots 
and roots of goatweed. The results on shoot dry weight 
were higher in tapioca liquid waste + Curvularia sp. as 
22.12% compared to the control. Plant dry weight is 
largely determined by plant biomass. If plant biomass is 
attacked by pathogenic fungi, the biomass will decrease 
and affect plant dry weight (Demura & Ye, 2010).

The highest reduction in dry weight of weed 
roots was shown by the all application of tempeh and 
tapioca liquid waste with both Chaetomium sp. and 
Curvularia sp. (Table 3). This condition is in line 
with other growth components especially in tapioca 

liquid waste. Reduction in root dry weight due to 
application of Curvularia sp. in tapioca liquid waste 
by 46.25% compared to control. As Robinson (2021) 
said, the nutrient content in tapioca liquid waste is 
useful for supporting the growth of organisms, in this 
case Curvularia sp. Curvularia sp. can grow well in 
tapioca liquid waste. Application of tapioca liquid 
waste with Curcularia sp. inhibited weed growth and 
resulted in a decrease in dry weight of plants and roots.

CONCLUSIONS

Tempeh and tapioca liquid waste media can 
be used as alternative media for the multiplication of 
pathogenic fungi. The conidia density of Curvularia sp. 
is 2.37 × 109 conidia mL-1 higher than that of Fusarium 
sp. at 1.7 × 109 conidia mL-1 and Chaetomium sp. at 
9.5 ×104 cfu mL-1. Curvularia sp. in tempeh liquid 
waste accelerated the incubation period and increased 
disease intensity and AUDPC by 81.50, 88.78, and 
713.25%, respectively, compared to control. Curvularia 
sp. and tempeh liquid waste are able to cause damage 
to the leaves of goatweed, as shown successively 
from the incubation period of 3.33 dai, the disease 
intensity of 88.78 %, and the AUDPC of 713.25% 
days. The most effective shelf life of Curvularia sp., 
Fusarium sp., and Chaetomium sp. in both tempeh 
and tapioca liquid waste media is found at 6 weeks 
at room temperature. Curvularia sp. in tapioca liquid 
waste could decrease weed height, number of leaves, 
shoot dry weight, and root dry weight by 45.11, 28.65, 
22.12, and 46.25%, respectively, compared to control.
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