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Abstract

Manure constitutes the principal fertilization of rice field in the Vakinankaratra region. Adding rice
residues on the cattle excretion was recommended to improve manure composition. However, adding
rice residues infected by Pyricularia oryzae, could play a role on the onset of rice blast disease in the
field. To evaluate this risk, the survival of P. oryzae onrice residues used in different scenario of manure
processes was monitored. Six treatments were tested where infected panicles were placed inside cattle
excretion (CE) under anaerobic condition (T1), on CE (T2), inside CE (T3), inside CE with watering
every week (T5), on the soil (T6) and infected panicles and CE were returned every two weeks (T4).
No sporulation of P. oryzae was observed in the T1 (panicles placed in CE with anaerobic condition).
However, the panicles with sporulating P. oryzae and spore of it were observed in the 5 other treatments
at least after seven months. These results show that infected rice residues used in manure processes
could be a potential primary inoculum source of rice blast. To minimize the risk of blast epidemic, we
propose that only uninfected rice residues should be added to manure.
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Introduction

The production of sufficient staple food is limited by many constraints in most African countries. One
of them is the low use of fertilization for the crops. Mineral fertilization is an efficient way of increasing
yield but is not financially sustainable for many farmers in Africa today. This situation is likely to persist
since the price of mineral fertilization recently tripled and will continue to rise in the near future
(Brunelle et al., 2015). Therefore, alternative solutions for fertilization should be considered. Livestock
effluents are used very often in many African agricultural production systems (Chianu et al., 2012), and
in particular in Madagascar. However, the quantity of some plant nutrient elements, such as nitrogen,
are very low or even absent in traditional manure (Rasolofo, 2017).

Some recommendations were proposed to improve the quality of cattle manure: concrete paving of
the cattle barn, watering and return the manure frequently and add plant residues in the cattle excretion.
But, the use of rice residues to improve manure could generate a problem of disease management. It
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was previously shown that rice residues infected by a rice pathogen (Pyricularia oryzae), could be a
potential source of inoculum and favor the onset of a major disease of rice, blast (Raveloson et al.,
2018).

Several studies attempted to determine the role of potential inoculum sources of rice blast like seeds
(Faivre-Rampant et al., 2013; Guerber and TeBeest, 2006; Long et al., 2001; Manandhar et al., 1998)
and rice residues (Raveloson et al., 2018). However, the survival of P. oryzae on rice residues used in
the manure processes was not documented. Since manure constitutes the principal fertilization of rice
field in the Vakinankaratra region of Madagascar, it is important to evaluate the survival of P. oryzae in
manure and to determine if adding infected rice residues in the manure is increasing the risk of blast
epidemics.

This study aimed determining the survival capacity of the blast pathogen on infected rice residues in
different scenario of manure processes, either traditional or improved.

Materials and Methods
Survey and Collect of Panicles infected by Pyricularia oryzae

During the cropping season 2020-2021, rice blast attack was monitored in rice fields in the
Vakinankaratra region of the highlands of Madagascar. Samples of panicles attacked by rice blast
pathogen were collected for conducting the trial.

Preparation of Blast Infected Panicles

Blast infected panicles were prepared in the Research Regional Center of FOFIFA (Centre National de
la Recherche Appliquée au Développement Rural: National Agriculture Research Center) at Antsirabe.
Ten panicles per batch were attached by fabric yarn. Then 10 batches were used for each replication of
each treatment.

Set up of Infected Panicles in Different Cattle Manure Processes

The experiment was designed based on the recommendations for improving the cattle manure and on
traditional manure processes. Fresh cattle excretion was put in a square basin. Six treatments were tested
and differentiated by the positioning of the infected panicles and by the treatment : in the first treatment
(T1), infected panicles were placed inside the cattle excretion (CE) i.e. under anaerobic conditions
(basin covered by plastic bag); in the second treatment (T2), infected panicles were placed on the CE;
in the third treatment (T3), infected panicles were placed inside the CE; in the fourth treatment (T4),
infected panicles and CE were returned every two weeks; in the fifth treatment (T5), infected panicles
were placed inside CE with watering every week; and in the sixth treatment (T6), infected panicles were
placed on the soil without CE. A randomized complete block design with five replications were used
for this trial.

Monitoring of P. Oryzae Survival in Infected Panicles Under Different Manure Processes

In May 2021, before placing the panicles in different conditions, fifty panicles were checked for the
sporulation of the Pyricularia oryzae and for the number of produced spores on these panicles which
were considered as the initial situation. The monitoring was planned from May 2021 to Mars 2022. One
batch of panicle stems were removed from each treatment and each replication every month to assess
the remaining panicles in each scenario of cattle manure process. Then the survival of P. oryzae was
tested by observing the production of spores under a binocular microscope after placing panicles in
Petri dishes with dampened filter paper to stimulate sporulation. Evaluation was based on the presence
or absence of typical spores of P. oryzae on each panicle. After seven days of sporulation observation,
the total number of spores produced by the 10 panicles in the batches were counted by using Malassez
cell as described by (Gallet et al., 2014). The percentage of panicles with living P. oryzae was calculated
as the number of panicles with visible sporulation of the rice blast fungus divided by the number of
panicles remaining in the batches. The average number of remaining panicles, the percentage of panicles
with P. oryzae sporulation and the number of spores produced were calculated for each of the five
replicates.
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Results

Due to natural degradation, the number of panicle stems observed are likely to decrease with time and
may limit the observation of P. oryzae survival. The number of panicle stems observed (table 1) was
stable and maximum all over the experiment for three treatments: panicles on the cattle excretion (T2),
return of panicles and CE every two weeks (T4) and panicles on the soil (T6). The number of panicle
stems observed started to significantly decrease at the 6™, 7" and 8™ observation dates for the treatments
panicle inside the CE with anaerobic condition (T1), panicles inside de CE (T3) and panicles inside CE
with watering every week (T5), respectively.

Table 1. Variation over time of the average number of panicle stems observed per treatment. TO: initial
situation before placing panicle stems in the manure.

Notation dates TO IR 2nd 3 4th 5th 6t 7t gt oth 10t
Treatment
T1 10 10 10 10 10 9.8 7.4 5.8 0 0 0
T2 10 10 10 10 10 10 10 10 10 10 10
T3 10 10 10 10 10 10 8.8 9 6.6 5.8 5.2
T4 10 10 10 10 10 9.6 10 10 10 10 10
T5 10 10 10 10 10 94 9.6 8.2 3 1.2 2.6
To6 10 10 10 10 10 10 10 10 10 10 10
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Figure 1: Variation over time of the percentage of panicle stems producing Pyricularia oryzae spores in the
different treatments of cattle manure processes: infected panicles were placed inside cattle excretion (CE) under
anaerobic condition (T1), on CE (T2), inside CE (T3), infected panicles and CE were returned every two weeks

(T4), inside CE with watering every week (T5) and on the soil (T6). TO: initial situation; Vertical bars are standard
errors of the means.
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Figure 2. Variation over time of the number of spores produced on remaining panicles in a batch for different
treatments of cattle manure processes: infected panicles were placed inside cattle excretion (CE) under anaerobic
condition (T1), on CE (T2), inside CE (T3), infected panicles and CE were returned every two weeks (T4), inside
CE with watering every week (T5) and on the soil (T6). TO: initial situation; Vertical bars are standard errors of
the means.

A significant effect (P< 0.05) of treatments and observation dates was observed for the percentage of
panicles with sporulation of P. oryzae (figure 1). In treatment T1, the rate of sporulating panicles
decreased rapidly and no more sporulation was observed after the first observation. For treatments T3,
T4 and T5, the rate of sporulating panicles decreased relatively at the first date of observation (50% of
sporulating panicles). No sporulation was observed starting at the 7 observation date for T3 and T5.
An average rate of 8% was observed for the treatment T4 at the end of notation. For treatments T2 and
T6, the sporulating rate decreased slowly and remained stable around 40% at the end of the notation.

In addition to a qualitative evaluation of sporulation, the number of spores produced by the remaining
infected panicles in a batch was counted. The initial average number of spores produced was 1.8 x 10°
per batch. The number of spores produced followed a similar trend as the percentage of panicles with
sporulation of P. oryzae (figure 2). The difference of spore produced was significant (P < 0.05) for the
six treatments. No spore was produced for the treatment T1 (panicles inside CE under anaerobic
condition) from the first notation. Then, the spore number produced decreased rapidly for treatments
T3 (panicles inside CE) and T5 (panicles in CE with watering every week) and no spores were observed
from the 7" notation dates. For the treatments T2 (panicles placed on cattle excretion) and T6 (panicles
placed on the soil) remained high over the notation period. At the end of notation, 28 000 and 23 000
spores were counted for T2 and T6, respectively. For the treatment T4 (return of panicles and CE every
two weeks, the spore number produced was less than T2 and T6 over the time but 2400 spores were
observed at the end of notation in March 2022.

Discussion

Because of the importance of manure in fertilization of crops, several studies are interested in the
survival of pathogens in the manure. According to Black et al. (2021) and Sharma and Reynnells (2016),
some bacterial pathogens could survive in the manure. Understanding the survival of rice blast pathogen
in the manure was a useful information in particular for rice culture in the Vakinankaratra Region of
Madagascar. To the authors’ knowledge, the present study is the first work to monitor the survival of P
oryzae inrice residues used in manure processes. the results showed that the P. oryzae could be survived
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in different manure processes. It is important to consider this finding in the rice blast epidemics
problem. Because rice blast was considered as one of the major constraints of rice culture in this region
(Sester et al., 2014).

The idea of this trial is also to compare the survival capacity of P. oryzae between the improvement of
manure like : placing rice residues inside the cattle excretion, watering and return rice residues and
manure frequently (Rasolofo, 2017 ; Fanjaniaina et al., 2022) and traditional manure like : placing rice
residues on the cattle excretion. A part from the placing rice residues inside the cattle excretion under
anaerobic condition where no sporulation of P. oryzae was observed from the first observation, the
sporulation and number of spores produced were still observed for the other five treatments. Therefore,
the recommended technic allowed to improve the plant nutrient elements in the manure but did not
influence the survival of P. oryzae. Infected rice residues added in manure constitute a reservoir of rice
blast pathogen.

Previous study conducting by Raveloson et al. (2018) showed that the Pyricularia oryzae survived on
the infected rice residues and generated the rice blast epidemic for the next season. The monitoring of
the P. oryzae survival in the current study support the risk of rice blast onset by infected rice residues
used in manure processes. Whatever the treatments (on and inside with or without return and watering),
sporulation of P. oryzae on the panicles at a relatively high rate was still observed after seven month
(December) and up to 10 months (March) in some manure processes after scoring. Generally, the onset
of foliar rice blast occurs at the end of December in the highland of Vakinankaratra region. So, the
survival of the blast fungus in the manure is longer than the intercropping season. Thus, the addition of
infected rice residues in the manure could be a potential source of primary inoculum for rice blast
epidemics.

Placing the infected panicles inside the cattle excretion with anaerobic condition was the only way to
rapidly and completely kill P. oryzae in the manure process. So, to minimize the risk of rice blast from

the rice residues added in manure, a short-term solution is to use uninfected rice residues for manure
and use infected rice residues to feed the cattle.
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