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Abstract

Rice blast disease, caused by Magnaporthe oryzae (M. oryzae) is one of the most devastating diseases in rice production
worldwide, causing high yield losses. In Tanzania, the disease exhibits significant impacts, largely due to limited diagnostic
knowledge, resistant varieties, and poor control measures. This research study carried out during 2024/2025 aim to determine
the incidence and severity of the disease across five representative rice-growing regions (Morogoro, Tanga, Kilimanjaro,
Mwanza, and Mbeya). Disease incidence and severity from selected hundred (100) rice rice-growing farms were studied and
recorded, while the symptomatic blast leaves were collected for isolation and morphological identification of the pathogen. The
results revealed that both incidence and severity across regions, villages varied significantly at P < 0.05 given that, Morogoro
region showed the highest incidence (60.68% and severity (66.32%), and the lowest in Mwanza (46.52%, 51.95%). The study
also detected Dakawa village has attacked more (61.29%), while Mvumi both from Morogoro was more infested (68.38%). Rice
cultivars showed the significant differences in disease susceptibility levels, given that the variety TXD 306 (Saro 5) was relatively
tolerant, with low incidence and severity (40.33%, 44.84%), whereas kalamata was highly susceptible (62.15% incidence and
67.71% severity). The noted significant regional difference (P<0.001) in disease pressure from the studied region could be
influenced by different climatic factors, ecology, and varieties grown. Overall, this finding highlights the significant threat posed
by rice blast disease in Tanzania and suggests an urgent need for modern management measures and the adoption of resistant
rice varieties.

Keywords

Disease Management Options, Magnaporthe oryzae, Disease Incidence Disease Severity, Rice Cultivars, Tanzania

"Correspondence: Herman Mkamilo (mkamilo89(@gmail.com)

Received: 10 April 2026; Accepted: 17 May 2026; Published: 21 May 2026

@ Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/ijaas
http://www.sciencepg.com/journal/343/archive/3431203
http://www.sciencepg.com/
https://orcid.org/0009-0005-7308-2988
https://orcid.org/0009-0009-8107-7918
https://orcid.org/0000-0002-5604-5721

International Journal of Applied Agricultural Sciences

http://www.sciencepg.com/journal/ijaas

1. Introduction

Rice (Oryza sativa) is a food crop belonging to the Poaceae
family that is cultivated in diverse climates worldwide. It is
one of the most important crops worldwide and serves as a
principal food source for over half of the world's population,
especially in Asia and Africa [8]. The crop has the potential to
feed more people worldwide; the Food and Agriculture Organ-
ization considers it a deliberate crop for food security in the
world [7]. Tanzania is among the top three rice producers in
Africa holding 22nd position worldwide [3] and ranked sec-
ond in rice production in Sub-Saharan Africa (SSA) after
Madagascar [16]. In Tanzania, population growth has been in-
creasing yearly with the increase in rice production since the
1960s, but its consumption goes beyond production due to low
rice productivity, changing dietary habits, and urbanization
[34].

The average rice yield in Tanzania is about 3 tonnes per
hectare, which is lower compared to other African countries,
such as Madagascar, where the average yield is approximately
4.4 tonnes per hectare [23, 24]. Similarly, [3] highlighted the
global rice production trends and noted that Tanzania still pro-
duces below the worlds’ average of 4.5 tonnes per hectare,
with an estimated national average of only 2 tonnes per hec-
tare. Despite the importance of the crop, its production faces
different challenges, causing low productivity (biotic, abiotic,
and socioeconomic challenges). Rice blast disease caused by
Magnaporthe oryzae (M. oryzae) is a biotic constraint and
devastating disease that causes severe rice yield loss [21, 39].
[4] reported that the disease contributes to an overall reduction
in rice productivity in Tanzania. The disease can infect all crop
growth and plant parts, such as leaves, collars, necks, nodes,
and grains, and the severe infection of the neck (neck blast)
causes yield losses of up to 80-100% [35]. This study revealed
that the leaves are the most affected plant part, followed by the
panicle, collar, and nodal parts of the rice plant.

The disease was first reported in China in 1637 and later in
Africa in 1922 [12], and now spread widely and affects most
rice-growing regions worldwide. In sub-Saharan Africa, the
disease is considered a major constraint to achieving optimal
rice yield, with losses reaching up to 80%-100% if not man-
aged effectively [26]. In Tanzania, the disease is highly dev-
astating in many rice-growing areas and significantly affects
plant health, seed quality, and the production potential of rice
crops [25].

Using conidia, the fungus causing the disease spreads asex-
ually, affecting the aboveground tissues of plants [6]. M. ory-
zae begins to infect rice plants by producing spores that settle
on the leaves, panicles, and nodes, before penetrating the plant
using specialized structures called appressoria [9]. Later, M.
oryzae continued to infect the plant as its fungal spores at-
tached using mucilage. After penetrating the plant cell, the
fungus generates invasive hyphae that immediately colonize
living host cells and produce effector molecules that suppress
the host’s immune system, preparing it for infection [10]. The
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fungus reproduces rapidly through mitosis, nuclear migration,
and death of conidia originating from the initial infection, pro-
ducing appressoria and hyphal structures that infect the aerial
parts of the plant and its roots, respectively [5].

The life cycle of M. oryzae involves infection, colonization,
and sporulation. Favorable environmental conditions of 25—
28°C and relative humidity of 92-96% are conducive for path-
ogen sporulation and lesion development [15, 29]. Under
these favorable conditions, the disease cycle can be completed
within a week, with a single lesion capable of producing many
spores [17]. The pathogen can survive in both infected seeds
and plant residues, whereas the disease can spread through in-
fected seeds and airborne spores [27]. Lesions formed by the
fungus on leaves reduce green pigmentation, decrease the
photosynthetic area, and disrupt normal physiological pro-
cesses during rice growth [2]. The reduction in the photosyn-
thetic area hampers photosynthesis, leading to decreased crop
productivity.

Disease infection is characterized by different features
(symptoms), for example, spindle-shaped lesions with whitish
centers and brown margins appearing on the leaves, leading to
leaf blight and premature death [36, 40]. Rotting of the panicle
is another key characteristic of panicle blast, resulting in
empty grains, whereas collar and nodal infections can cause
lodging of rice plants. In seeds and roots, the disease reduces
germination and seedling vigor (International Rice research
Institute [13]. Together with favorable climatic conditions
(temperature, rainfall, and humidity), these symptoms contrib-
ute to significant yield losses [20]. Research has reported yield
a loss of up 90 -100% under severe disease pressure [35].
Globally, rice blast disease destroys rice, which could other-
wise feed approximately 60 million people, making it one of
the most devastating threats to productivity and food security
[6, 38].

The incidence and severity of the disease are influenced by
multiple factors (host genotype, pathogen population, and fa-
vorable climatic conditions). According to [30], temperatures
(25-28°C), relative humidity above 80%, frequent dew for-
mation, and closed rice plant spacing are among the factors
influencing disease incidence and severity. It is very important
to be aware of the disease incidence and severity because it
helps in identifying the disease spot area, planning for man-
agement measures, and designing a breeding program for the
development of resistant cultivars. [31].

The effects of the disease depend on the variety, environ-
mental conditions, and agronomic practices, given that local
varieties are more susceptible to rice blast disease than im-
proved varieties, which are relatively tolerant to disease. Sim-
ilarly, [24] reported that locally available rice-grown materials
are vulnerable and susceptible to rice blast disease. While
there is no single resistant rice variety with observed variation
in disease attack based on different rice cultivars, it is im-
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portant to occasionally examine the disease incidence and se-
verity caused by the fungus M. oryzae. With all the infor-
mation provided from different rent studies, this paper aims to
examine the incidence and severity of rice blast disease caused
by the fungus M. oryzae from Tanzania’s rice agro-ecologies,
which will provide insights to rice breeders and scientists to
develop broad-spectrum and long-term strategies for disease
management.

2. Materials and Methods

2.1. Description of the Study Site

This study was conducted in Morogoro, Tanga, Kilimanjaro,
Mwanza, and Mbeya regions, which were selected because of
their long history of rice blast disease prevalences. Mvomero
and Kilosa districts represented Morogoro region are located
at 6°15'40"S and 37°32'36"E, and 6°36'1"S and 37°13'4"E,
have altitudes of 341 m and 394 m, respectively. The average
temperature in Mvomero is 26.8°C in April and 25.9°C in May,
whereas Kilosa records an average of up to 23°C during both
months. Morogoro Region experiences bimodal rainfall: au-
tumn from November to late January and the spring season
from March to May (165 mm), with a relative humidity of 80—
85%.

Kyela and Mbarali districts, located at 9°43'25"S,
33°45'47"E, and 8°36'20"S and 34°13'33"E, have altitudes of
503 m and 1,049 m above sea level, respectively. When com-
pared with Kyela district, Mbarali is generally hotter, with an
average temperature of 24°C from March to May, and the
highest temperature 31°C during June, while in Kyela temper-
atures reaches up to 29°C. The relative humidities in Mbarali
and Kyela were 88% and 77%, respectively. Mbeya Region
also receives two rainfall seasons: a short season from No-
vember to January (102 mm) and a long (spring) season from
March to May. During spring season, Mbarali receives an av-
erage of 250 mm, while Kyela receives approximately 170
mm and 125 mm during autumn.

Misungwi and Kwimba districts, representing Mwanza Re-
gion, are located at 2°462"S and 32°47'13"E with altitude
1,125 m, and Kwimba located on 3°7'58"”S and 33°30'47"E
and elevated at 1,170 m. Misungwi receives an average rain-
fall of 200 mm during April and May, and 40 mm in June,
while in Kwimba, the heaviest rainfall reaches 203 mm in
April and drops to 34 mm in June. The average temperatures
in Misungwi and Kwimba were 27°C and 24°C, respectively,
from March to May. The warmest temperatures, up to 33°C,
occur in June, and both districts experience relative humidity
levels around 68% from March to June when rainfall peaks.

The Tanga Region, represented by the Korogwe and Mu-
heza districts, is located at 5°12'56"S and 38°44'48"E and
5°9'24"S and 38°32'24"E, with altitudes of 383 m and 488 m,
respectively. Korogwe experiences average temperature of ap-
proximately 27°C, rainfall of 151 mm, and relative humidity
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ranging from 78-86% during March-May. Muheza experi-
ences warm condition of 26.1°C with rainfall of 185 mm and
between 69—80% relative humidity over the same period.

Moshi Rural and Same districts representing Kilimanjaro
Region are located at 3°22'48"S and 37°20'50"E at an altitude
of 744 m, and 4°22'0"S and 38°33'0"E, respectively, elevated
at an altitude of 535 m above sea level. Moshi Rural experi-
ences average temperature of 25°C in March and April,
whereas the region becomes cooler (22°C) from May to June,
with daytime peaks of up to 32°C. The area receives bimodal
rainfall with short rains (October—December) and long rains
(March—late May), averaging 175 mm, and relative humidity
of 85% from March to May. The Same Districts (Ndungu and
Hedaru villages) recorded temperatures of 27°C in March and
23°C in May, with prolonged rainfall of 130-220 mm from
and a sharp decrease to 20 mm in June, while relative humidity
ranged from 65-75% during March and April, and 73-78%
during May and June.

Climatic patterns across these regions strongly determine
the prevalence and severity of rice blast disease. Warm tem-
peratures within the range of 24-29°C, combined with high
relative humidity above 80% and frequent rainfall during
spring and autumn seasons, create ideal microclimatic condi-
tions for M. oryzae infection. Prolonged leaf wetness periods
caused by dews and rainfall facilitate conidial germination and
appressoria formation, accelerating host penetration and le-
sion expansion. Regions such as Morogoro, Mbeya, and Tanga,
with sustained humidity and rainfall, provide favorable condi-
tions for pathogen sporulation and survival. In contrast, areas
with sporadic dry spells, such as Mwanza and Kilimanjaro,
experience regular climatic fluctuations, but recurrent disease
outbreaks as inoculum persists in infected residues are reac-
tivated under favorable conditions. Overall, the dynamics of
temperature, rainfall, and humidity across these agro-ecologi-
cal zones with rice-growing regions and rice cultivars influ-
ence the regional variability in rice blast disease pressure in
Tanzania.

2.2. Determination of the Sample Size

A total four (4) villages were randomly selected from each
region (Morogoro, Tanga, Kilimanjaro, Mwanza, and Mbeya).
Selection of these villages was done based on rice production
intensity and heir long history of rice blast disease. From each
village, a sample of five (5) rice fields was chosen randomly
to make a total of hundreds (100) rice farmers’ fields for the
entire study.

2.3. Materials

During the field observation, a photo of rice blast-infected
leaves, ruler, notebooks, and white paper was used as tools for
the assessment and measurement of disease incidence and se-
verity, while a cool box was used to keep the collected samples
before taken the laboratory for laboratory analysis.


http://www.sciencepg.com/journal/ijaas

International Journal of Applied Agricultural Sciences http://www.sciencepg.com/journal/ijaas

N

1 MWANZA

misungwi
kwimba

Tanzania

mbarali.~* WMOROGOR®

Figure 1. A Tanzania map showing the studied sites.

12 plants were examined at intervals of approximately every

2.4. Assessment of Rice Blast Disease Incidence 10 paces, and representative severely infected leaves were col-
. lected from each sampled plot/field as outlined by [32, 35, 41];

and Severity ) o
Disease assessment was performed on visibly infected plants
During the cropping season 2024/2025, Field surveys were ~ Within a representative half-acre plot in each field.

conducted to assess rice blast disease incidence and severity Observation of the area and the proportion of infected
across five major rice-growing regions in Tanzania namely plants relative to the total number of plants assessed per field
Morogoro, Tanga, Kilimanjaro, Mwanza, and Mbeya. Four (4) was used to study the incidence while the disease scoring scale
villages were selected based on rice production intensity and ~ Was used to study the disease severity of the infected leaf.
agro-ecological representation. The selected villages included Representative five (5) Infected leaf samples from each stud-
Dakawa, Mkindo, Mvumi, and Ilonga (Morogoro); Misozwe, ied field were collected, placed in a well labelled bag, stored
Masimba, Jitengeni, and Chekelei (Tanga); Kahe, Chekeleni,  in a cool box and kept in a refrigerator approximately 20°C.
Ndungu, and Hedaru (Kilimanjaro); Nyakasanga, Nyahororo, The stored samples were then taken to the Department of Mo-
Mahiga, and Malya (Mwanza); and Chimala, Makwale, Isitu,  lecular Biology and Biotechnology (DMBB) at the University

and Mahenge (Mbeya). Five rice fields were randomly se- of Dar es Salaam for laboratory studies. Data on disease inci-
lected from each village making a total of 100 surveyed rice ~ dence and severity were documented through measurement
fields. The selected fields included popular cultivated rice va- ~ and visual evaluation of symptoms caused by M. oryzae [29].
rieties (TXD 306, Wahiwahi, Kalamata, Supa, and Mbawam- Rice blast disease incidence across the field was calculated

bili). Using a systematic diagonal sampling method as Design, ~ using the formula described by [11].

. L. Number of infected plants with disease
Disease incidence(%) = P - 100
Total number of plants studied
Disease incidence is the proportion or percentage of in- oryzae showing the seriousness effects of the disease resulting
fected plants in a given population showing how far the dis- in yield loss. Severity is a good indicator for assessing both

ease occurs in the field while disease severity is the intensity the effects of the disease and the control measures taken.
of infestation of the plant leaves caused by the Pathogen M.
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Figure 3. Rice blast disease symptomatic leaves.

Photo by H. Mkamilo. Morogoro and Mwanza

Different techniques have been used to study the disease se-
verity, including visual/categorical rating (scoring) using the
scoring scale developed by IRRI [13, 14] Many researchers
have used this method because it is simple, realistic, and inex-
pensive for a large survey. In this study during the survey, the
disease severity of the plant was assessed using visual scoring
method based on the Standard Evaluation System for Rice as
modified by [13, 14]. Severity scoring was based on lesion
number, size, and the percentage of leaf area affected.

According to [11], rice blast disease severity will be calcu-
lated using the following formula:

Disease severity (%) = ;—z;xwo

where “n” is the number of leaves infected by the blast, “v” is
the value of the score of each category attack, “N” is the num-
ber of leaves observed, and “V” is the highest score.

Given a scoring scale of 1-9. The Scale 1= small, brown,
specks of pinhead size; 3 = small roundish to slightly elon-
gated, necrotic, gray spots approximately 1-2 mm diameter; 5

= typical blast lesion infecting <10% of the leaf area; 7 = typ-
ical blast lesions infecting 26-50% of the leaf area; 9 = typical
blast lesion infecting >51% of the leaf area and many leaves
dead.

|1,_m.uﬁ%y i

v o i

Figure 4. Estimation of rice blast disease severity.

KEY: 1- small brown lesion (no effect) 3-small roundish to slightly
elongated (no effect), 5- typical blast lesion (affects 10%), 7- typical
blast lesion affects (26-50%), 9-typical elongated blast lesion (af-
fects >50%) as shown in Figure 4 above.

2.5. Morphological Characteristics/Features of
M. oryzae

Isolation, culturing and pure culture

Figure 6. Sub-culturing of fungal isolates.
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Figure 7. Microscopic feature of M. oryzae.

Infected leaf samples collected from representative rice
fields were preserved separately and transported to the labor-
atory for further analysis. Isolation of the pathogens was per-
formed by cutting the tissue into small pieces and sterilizing
them by submerging them in hydrogen peroxide (H,O,) to re-
move surface contamination, rinsing them several times with
sterile distilled water and later air drying. Culturing the iso-
lates using Potato Dextrose agar (PDA) were followed. Incu-
bation process was performed at a room temperature (25-27°C)
for 24 hours to promote fungal growth and sporulation fol-
lowed by subculturing to get pure culture. Subculturing pro-
cess were repeated to ensure pure culture of the isolate. Using
a microscope, the mycelium was presumed, followed by plac-
ing the sterile needle on the sporulating blast lesion in plates
containing PDA. Following the procedures developed by [22]
and [28], the presence of M. oryzae was simultaneously con-
firmed using light microscopy based on the mycelial charac-
teristics, morphology, and pyriform, three-celled conidia, as
shown in Figure 5, Figure 6 and Figure 7. For observation,
spores were carefully picked using a sterile needle from spor-
ulating cultures and mounted on microscope slides.

(=]

[=]

[=]

o

(=]

Disease incidence & Severity (%)
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2.6. Data Analysis

The data on disease incidence and severity were analyzed
using ANOVA with GenStat® executable release 14 statistical
analysis software, and the results were interpreted. The means
from each site surveyed were computed and compared using
Duncan’s multiple range test (DMRT) at 5% probability.

3. Results and Discussion

3.1. Disease Prevalence Across the Studied
Regions

Rice blast disease incidence and severity of across the stud-
ied regions, districts, and villages varied significantly
(P<0.001), and symptomatic rice blast leaves from all studied
regions were clearly observed. The results showed that rice
blast disease incidence and severity from the studied regions
(Mwanza, Tanga, Mbeya, Kilimanjaro, and Morogoro) were
statistically significantly different although when comparing
prevalences in the Kilimanjaro and Tanga regions, the disease
pressure varied relatively (P<0.05) as shown in Table I.
Morogoro region had the highest both in disease incidence and
severity, followed by Mbeya (60.68%, 66.32% and 55.38%
and 61.62%) In contrast, Mwanza exhibited the lowest inci-
dence (46.52%) and severity (51.95%), indicating relatively
lower disease pressure. The observed variation in disease in-
cidence and severity across regions indicates a strong associ-
ation with environmental conditions, especially temperature
rainfall, and relative humidity. Regions with high rainfall and
relative humidity like Morogoro and Mbeya, has increased
blast disease levels compared to relatively drier regions such
as Mwanza.

MWANZA TANGA KILIMANJARO MBEYA MOROGORO
Studied Regions
H INCIDENCE B SEVERITY

Figure 8. Histogram showing variation of disease pressure across the studied regions.
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Table 1. Rice blast incidence and severity into 5 different rice growing regions in Tanzania.

REGION Incidence (%)  Severity (%)
MWANZA 46.52a 51.95a
TANGA- 51.55b 57.21b
KILIMANJARO 52.51bc 56.44b
MBEYA 55.38¢c 61.62¢
MOROGORO 60.68d 66.32d

Fpr. <0.001 <0.001

CV (%) 17.3 18.2

LSD (%) 3.3 3.8

Temperature (°C) Rainfall (mm) R. H (%)
23-24 129.6 70-75
22-30 121 77-81
24-33 117 79-82.2
16-27 256 86-90
21-31 220 85-89

Means of the same column followed by the same letter are not significant different by Duncan’s multiple range test at P<0.05.

Fpr = probability value, CV (%) percent of coefficient of variation

3.2. Disease Prevalence Across Different
Studied Villages and Ecologies

There is noted significant difference in rice blast disease in-
cidence and severity from the studied villages (P<0.001) at
P<0.05. the highest disease incidence observed in Dakawa
(61.29%) and the lowest in Malya (42.03%) while the highest
disease severity (68.38%) was recorded in Mvumi and the
lowest in Mahiga. Villages such as Dakawa, Ilonga, and
Mvumi recorded the highest disease incidence and severity,
indicating high disease pressure, whereas Malya and Mahiga
showed relatively lower values. The observed variability re-
flects the influence of local environmental conditions, man-
agement practices, and agro-ecological differences.

Table 2. Rice blast incidence and severity across different studied vil-
lages.

Village Ecology Incidence (%) Severity (%)
Malya Rainfed 42.03 a 48.27 ab
Mahiga Irrigated 43.51 ab 46.78 a
Nyakasanga Irrigated 46.3 abc 50.28 abc
Jitengeni Irrigated 48.16 abed 53.55 abed
Chekeleni Irrigated 49.16 abcde 50.92 abe
Chekelei Irrigated 50.38 bedef 55.97 bede
Kahe Irrigated 50.43 bedef 52.73 abe
Makwale Irrigated 51.41 cdef 57.54 cdef
Misozwe Rainfed 53.12 cdefg 57.76 cdef
Chimala Irrigated 53.43 cdefgh 55.42 bede

90

Village Ecology Incidence (%) Severity (%)
Ndungu Irrigated 53.69 cdefghi 55.73 bede
Nyahororo Rainfed 54.23 defghi 62.47 efg
Masimba Rainfed 54.54 defghi 61.54 defg
Hedaru Rainfed 56.75 efghi 66.37 g
Mahenge Rainfed 57.19 fghi 65.43 fg
Isitu Rainfed 59.5 ghi 68.11¢g
Mkindo Irrigated 59.65 ghi 65.41 fg
Mvumi Irrigated 60.8 hi 68.38 g
Ilonga Irrigated 61 hi 65.23 fg
Dakawa Irrigated 61.291 66.27 g
Fpr 0.001 0.001

Cv 16.8 18.7

LSD 6.4 7.1

Means of the same column followed by the same letter are not sig-
nificant different by Duncan’s multiple range test at P<0.05.
Fpr = probability value, CV (%) percent of coefficient of variation.

3.3. Disease Incidence and Severity Across
Different Agro-ecologies from the Studied
Region in Tanzania

In Tanzania rice production is practiced in two main ecolo-
gies: rainfed (upland and lowland) and irrigated lowlands. The
results showed a relative association of rice blast disease inci-
dence and relatively significant differences in disease severity
across studied rice agro-ecologies in Tanzania (Table 3). Av-
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eragely, the rainfed ecosystems showed higher disease sever-
ity (61.42%) higher than in irrigated ecosystem (57.25%)
while incidence was nearly similar between the two systems
(53.9% and 53.66%, respectively). In rainfed ecosystems,
Isitu showed the highest disease severity (68.11%) and its low-
est in Malya (48.27%), whereas in irrigated ecosystems,
Mvumi led by 68.38% and the lowest in Mahiga 46.78%

Table 3. Relationship of rice agro-ecologies and rice blast disease
prevalences in Tanzania.

Agro-ecology Incidence (%) Severity (%)
Rainfed 539 61.42
Irrigated 53.66 57.25

Ccv 21.76 22.18

LSD 5.68 6.7

Means of the same column followed by the same letter are not sig-
nificant different by Duncan’s multiple range test at P<0.05.
Fpr = probability value, CV (%) percent of coefficient of variation.

3.4. Field Assessment of Rice Cultivars for
Disease Incidence and Severity
The results (Table 4) revealed a statistically significant dif-

ference (P<0.001) among rice cultivars in response to rice
blast disease. Kalamata and supa, the popular available local

80
70
60
50
4

o

3

o

2

o

1

o

DISEASE INCIDENCE & SEVERITY (%)
o

TXD 306 WAHIWAHI

rice varieties, exhibit high susceptible to rice blast disease
(62.15%, 67.2% and 57.5%, 63.9%) incidence and severity,
respectively, compared to improved rice variety TXD 306 ex-
hibited relatively low disease incidence (40.33%) and severity
(44.84%). Wahiwahi and Mbawambili showed intermediate
levels of susceptibility.

In contrast, local varieties such as Kalamata and Supa
showed the highest susceptibility, with incidence and severity
values of 62.15% and 67.71% (Kalamata), and 57.48% and
63.87% (Supa), respectively.

Table 4. Rice blast disease pressure against five (5) popular rice cul-
tivars.

Variety Incidence (%) Severity (%)
TXD 306 4033 a 4484 a
WAHIWAHI 52430 57.84b
MBAWAMBILI 54270 59.29b
SUPA 5748 ¢ 63.87 c
KALAMATA 62.15d 67.71d

Ccv 13.7 15

LSD 2.6 3.1

Means of the same column followed by the same letter are not sig-
nificant different by Duncan’s multiple range test at P<0.05.
Fpr= probability value, CV (%) percent of coefficient of variation

MBAWAMBILI

SUPA KALAMATA

RICE VARIETIES

B INCIDENCE

B SEVERITY

Figure 9. A bar chart showing responses of 5-rice cultivars against rice blast disease.
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4. Discussion

The significant regional differences in disease prevalences
(P<0.001) observed in this study could be attributed to varia-
tions in climatic conditions such as temperature, rainfall dis-
tribution, and relative humidity, which directly influence the
development and spread of rice blast disease. For example, the
highest rice blast disease incidence recorded in humid and
rainfall-prone zones, such as Morogoro and Mbeya, was asso-
ciated with favorable climatic conditions for pathogen sur-
vival (25 — 27°C) with relative humidity of 85 — 89% and av-
erage monthly rainfall of above 200 mm. Morogoro region
had the highest both in disease incidence and severity, fol-
lowed by Mbeya (60.68%, 66.32% and 55.38%, and 61.62%,)
respectively (Table 1). This finding agreed with the study con-
ducted by [18] reported that, temperatures 23-26°C promotes
the growth of the pathogen M. oryzae and disease develop-
ment. The lowest disease incidence and severity (46.52%,
51.95%) (Figure 8) respectively observed in Mwanza region
could be attributed to less favorable environmental conditions
for M. oryzae development and survival. This finding is in
agreement with the study by [33], which showed that the de-
velopment and spread of the disease is affected by poor cli-
matic conditions that limit pathogen development and survival.

Tanga and Kilimanjaro had intermediate values for both in-
cidence and severity due to the moderate (similar) climatic
profile evidenced by temperatures that ranged from 22 to 33°C,
with relative humidity, which influences the growth of the
pathogen compared to Mbeya and Morogoro. The similarity
of disease pressure in the Tanga and Kilimanjaro regions indi-
cates that these two regions may have to share relatively com-
parable environmental conditions influencing disease out-
breaks, while the variation in severity points to potential vari-
ations in varietal susceptibility level, control measures taken,
or microclimatic conditions within the zone. Generally, on the
monthly average climatic conditions (24 — 28°C, 77-90%, and
200 — 270 mm) play a significant role in influencing and ac-
celerating the infection rates of the fungi. Such information is
important in designing region-specific disease control pro-
grams and guiding agricultural extension officers to support
farmers with preventive and management practices based on
prevailing climatic risk profiles.

The results revealed significant differences (P<0.001) in
rice blast disease pressure across the villages. Comparing the
villages, Malya showed low incidence (42.03%), whereas Ma-
higa village showed lower disease severity (48.76%). Con-
versely, Dakawa, Mvumi, and Ilonga showed the highest dis-
ease pressures (Table 2) which associated with persistence
moisture levels whereas the lowest in Mahiga and Malya
which experienced low humidity limiting disease develop-
ment. This variation suggests that no single factor can influ-
ence disease pressure; combination factors such as favorable
environmental and ecological conditions, varietal characteris-
tics, and management practices can increase rice blast disease
incidence and severity. Average temperature 25-32°C, rainfall
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100-400 mm and relative humidity of up 87% from the vil-
lages Dakawa, Mvumi, and Ilonga influenced the disease at-
tack and accelerated infestation. The study conducted by [33]
agreed that favorable climatic conditions play an important
role in disease development and progression.

Generally, the observed differences in both disease inci-
dence and severity across the studied regions suggest the crit-
ical influence of environmental attributes especially rainfall
temperature and relative humidity. These climatic factors are
positively consistent with the existing the knowledge that the
pathogen M. oryzae survive under favorable conditions (high
moisture and moderate temperature) favors their spread and
infection.

With all the villages, different rice agro- ecologies and cul-
tivation systems behaved similar level of rice blast incidence
with slight in disease severity: rainfed (53.9%, 61.42%) and
irrigation (53.7%, 57.25%) (Table 3). Although rice ecologies
contribute to disease prevalence differently, this study indi-
cated that there was no significant difference in disease inci-
dence with a moderately significant variation in disease sever-
ity (Table 3). This study revealed that variations in both at-
mospheric and soil moisture can reduce plant moisture and
weaken its defense mechanism (natural immunity) against dis-
eases. This is supported by [37], reported that, fluctuating soil
moisture and humidity levels can weaken the natural defense
of plants while enhancing pathogen infection.

The similar levels of disease incidence in both ecosystems
indicate that the disease is not limited only by moisture levels,
but rather by the environmental conditions and varieties
grown, which may support inoculum survival and spread. This
observation aligns with previous studies showing that both
rainfed and irrigated environments can cause disease out-
breaks when the temperature and humidity are within optimal
ranges for pathogen activity [19]. Variations in the incidence
and severity of diseases in villages within the same agro-eco-
logical zone suggest that microclimate, soil type, and farming
practices, such as planting density, crop variety, and fungicide
use, also play critical roles in shaping disease outcomes. Again,
the near-similar incidence between the rainfed and irrigated
systems suggests that pathogen prevalence is general, but dis-
ease severity is more responsive to microclimatic conditions
and agronomic practices.

In addition, the study revealed that, poor agronomic prac-
tices, especially improper use of nitrogenous fertilizer, could
influence disease incidence and severity in rice farms because
overfertilization of nitrogen in plants promotes greenly leaves,
leaf wetness, and heavy shade, which facilitates M. oryzae de-
velopment and conducive conditions for pathogen survival.
Farmers from the studied regions mentioned that one of the
factors that could accelerate the occurrence and spread of the
disease in the field was the excessive use of fertilizers. They
reported that some farmers apply excessive urea up to four
times during a single production season, using approximately
125 kg/ha each time, which may promote dense vegetative
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growth and create favorable conditions for rice blast develop-
ment. This finding was also reported by [33] that “Continuous
overfertilization of nitrogenous lead to influence the pathogen
survival.” Timing and fertilizer application regimes were also
found to affect normal physiological processes by making
plants more tender and succulent, which later affects their nat-
ural defense against disease attack.

Rice varieties is among the important factor influencing dis-
ease pressure, this study showed that, local varieties Kalamata
and supa were more susceptible to rice blast disease compared
to Wahiwahi, mbawambili, and improved rice variety TXD
306 (Table 4 & Figure 9). Their Susceptibility could be at-
tributed to their long-term cultivation without modern re-
sistance breeding. In contrast, TXD 306 is relatively resistant
to rice blast disease by limiting M. oryzae invasion and lesion
development, which may be attributed to their intensive im-
provement. This finding aligned with that reported by [1] “im-
proved varieties showed lower attacked and infested by the
disease due to enhanced resistance traits and stress tolerant
genes. However, the relative incidence and severity of TXD
306 stipulates that the resistance is not sufficiently expressed;
therefore, disease management measures are still an essential
tool to reduce yield loss in the rice growing regions (Figure 1,
2 &3).

The moderate disease incidence and severity observed in
Wahiwahi and Mbawambili may reflect partial resistance that
slows disease progression and corrupts the entire plant. This
can be used as a starting point for plant breeders to use these
genetic materials to breed durable and long-term rice blast-
resistant varieties. Inclusively, these results indicate that re-
gions with high humidity rainfall are at closer risk of rice blast
disease outbreaks, suggesting the need for long-term interven-
tion measures such as the use of broad-spectrum resistant rice
varieties, proper management measures, and seasonal training
to raise awareness of farmers on disease occurrence and man-
agement practices. The observed critical differences among
rice cultivars proves that the genetic resistance genes of a
given rice cultivars play an important role in disease outcome
given that TXD 306 attacked low showing disease resistance
while Kalamata was highly affected indicating poor gene re-
sistance.

5. Conclusion

Most rice-growing areas in Tanzania are vulnerable to rice
blast disease, although disease pressure levels differ depend-
ing on the individual zonal factors. Favorable temperature,
rainfall, and relative humidity significantly affect the occur-
rence, development, spread, and survival of the disease.
Morogoro and Mbeya, characterized by humid and high rain-
fall regions, exhibited high disease incidence and severity,
whereas the Mwanza region was recognized as having lower
rice blast disease pressure caused by poor environmental con-
ditions for pathogen development. This research findings af-
firm the favorable temperature (23-28°C), higher rainfall, and
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relative humidity 80 — 90% impart an optimal environment for
pathogen infection and spread. Similarly, rice cultivars are the
major component influencing the disease pressure given that
kalamata and supa were susceptible, while TXD 306, the im-
proved variety, was relatively low for both incidence and se-
verity. To secure society by maintaining food security, a com-
bination of integrated disease management (IDM) approaches,
such as adjusting irrigation scheduling, improving drainage,
implementing timely disease control measures, possible agro-
nomic practices, and expanding farmers’ knowledge and
awareness, are urgently required to reduce crop loss and en-
sure sustainable rice production. Importantly, these findings
underscore the importance of variety selection for managing
crop diseases. Differences in disease expression observed
among the rice varieties highlight the potential of utilizing re-
sistant genotypes, such as TXD 306, as part of integrated dis-
ease management strategies. For rice blast disease manage-
ment, this study is finally recommending the adoption of inte-
grated, environment-based approach, multiple resistant varie-
ties, modern and improved agronomic practices which will en-
sure not only food safety and security but also increase Tanza-
nia households’ income.
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