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Abstract. Mau YS, Ndiwa ASS, Oematan SS. 2020. Brown spot disease severity, yield and yield loss relationships in pigmented upland 

rice cultivars from East Nusa Tenggara, Indonesia. Biodiversitas 21: 1625-1634. Brown spot is one of the most devastating diseases of 

rice, which could lead to total yield loss. The disease has a worldwide distribution, more specifically in areas where water supply is 

scarce, most specifically in the dry upland areas. Almost all stages of rice are affected by the disease, where leaves and grains are mostly 

affected. Considerable differences exist in susceptibility to brown spot among rice varieties, which may cause a large variation in yield 

loss caused by the disease. Therefore, the resistance level of rice varieties and their yield reduction has to be regularly evaluated and 

updated. There are only a few reports on the relationship between brown spot severity with yield and yield loss of upland rice, and is 

even lacking in pigmented upland rice. The objectives of the present study were to assess the brown spot severity and resistance level in 

pigmented upland rice cultivars from East Nusa Tenggara Province, Indonesia, and to elucidate their relationships with yield and yield 

reduction. Twenty four pigmented upland rice genotypes were evaluated in the field during May to October 2019, and their disease 

responses and yields were recorded. Disease severity was observed weekly and used to calculate Area Under the Disease Progress Curve 

(AUDPC) for comparison among the genotypes. The relationships between disease severity and AUDPC with yield and yield loss were 

also examined. The results showed significant variation in brown spot severity and AUDPC, ranging from, respectively, 11.11% to 

40.70% and 398.42-days to 1081.30-days. Yields and yield losses of test genotypes also varied substantially. Yields under diseased-free 

and diseased plots ranged from, respectively, 2.34 t ha-1 to 6.13 t ha-1 and 1.68 t ha-1 to 3.74 t ha-1 while yield loss was between 10.46% 

and 56.15%. Six genotypes were moderately resistant, four genotypes were moderately susceptible and 14 genotypes were susceptible to 

brown spot. Neither disease severity nor AUDPC had a linear relationship with yield but both exhibited positive and linear relationships 

with yield loss. 
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INTRODUCTION 

One of the major diseases of rice (Oryza sativa L.) is 

brown spot caused by Drechslera oryzae (Breda de Haan) 

Subram. & Jain [syn. Helminsthosporium oryzae, Bipolaris 

oryzae; teleomorph: Cochliobolus miyabeanus (Ito & 

Kurib)](Mew and Gonzales 2002). Brown spot is the most 

devastating disease of rice, which could cause considerable 

yield losses, both in terms of quantity and quality (Savary 

et al. 2000, 2005; Jha 2001; Goel et al. 2006; IRRI 2009; 

Singh et al. 2017). Losses in yield up to 90% had ever been 

recorded, which contributed to the Bengal Famine of 1942-

1943 (Padmanbhan 1973). 

Drechslera oryzae can infect both seedlings and mature 

plants. The disease symptoms mostly occur in leaf blades 

but can also be found on other plant parts such as the 

coleoptiles, leaf sheaths, panicle branches, glumes, and 

spikelets (Zadoks 2002). The distinctive symptoms of this 

disease include lesions with light reddish-brown color or 

lesions with a gray center surrounded by a dark to reddish-

brown margin with a bright yellow halo (Ou 1985). These 

lesions will reduce the leaf photosynthetic area and the 

efficient use of nutrients, which may cause yield reduction 

(Lee 1992; Mew and Gonzales 2002; IRRI 2009). 

Brown spot has been reported to have a widespread 

distribution in all rice-growing areas of the world (Ou 

1985; Singh and Singh 2000; IRRI 2009; Reddy et al. 

2011; Aryal et al. 2016). The disease is also reported to 

occur more frequently and severe due to climate change, 

especially in the condition of prolonged drought (Savary et 

al. 2005), which may likely due to increased variability in 

rainfall (Barnwal et al. 2013). Brown leaf spot of rice is 

also known to occur mostly in nutrient deficient and poor 

soils (Agarwal 1989; Zadoks 2002). Among these soils are 

upland agroecosystems where most upland rice cultivars 

are grown by poor farmers. In the recent time of global 

warming and climate change, where prolonged drought and 

erratic rainfall are frequently occurring, thus, brown spot 

will become more severe and devastating in upland rice, 

which may result in higher yield reduction. Up to date, 

however, reports on yield loss caused by brown spot in 

upland rice is lacking, and so does the relationship between 

brown leaf spot severity and yield loss in upland rice 

germplasm.  

Recorded yield losses caused by brown leaf spot of rice 

vary greatly among upland and lowland ecosystems, as 

well as across countries/regions. Even, the variation occurs 

among rice genotypes being cultivated. The disease has 
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been recorded to cause yield reduction from 6% to 90% in 

Asia (Padmanabhan 1973; Singh and Singh 2000; Mew and 

Gonzales 2002; Aryal et al. 2016). Brown leaf spot was 

also reported to cause yield loss of, on average, 10% in all 

lowland rice production in South and Southeast Asia 

(Savary et al. 2000, 2005), and severely infected field can 

suffer up to 45% yield reduction (IRRI 2012). In India, 

brown spot was recorded to reduce tiller number and also 

reduce the yield of 19.2-58.8% (Vidhyasekaran and 

Ramadoss 1973; Chattopadhyay et al. 1975). In Africa, 

yield loss caused by brown leaf spot was reported about 

12% in Nigeria (Aluko 1975), and from 8% to 23 % in 

North Sierra Leone (Fomba and Singh 1990). Meanwhile, 

reports on yield loss caused by brown spot in Indonesia are 

unavailable at present. 

Control of brown spot can be done through various 

methods, including the use of disease-free seeds, the use of 

resistant varieties, balanced nutrition, avoidance of water 

deficit, and fungicide spray (Ou 1985; Mew and Gonzales 

2002; Zadoks 2002; Mandal and Jha 2008; Asghar et al. 

2019). Among these, the use of resistant varieties is the 

most economical and eco-friendly way of controlling the 

disease (Haq et al. 2002; Mew and Gonzales 2002; Zadoks 

2002; Magar 2015). However, the resistant varieties are 

limitedly available and the resistance is not stable due to 

the appearance of new virulent races of the pathogen (Goel 

et al. 2006; Asghar et al. 2007; Katasntones et al. 2007; 

Arshad et al. 2008).  

Significant differences exist in resistance/susceptibility 

to brown spot among rice varieties (Shukla et al. 1995; 

Datnoff and Lentini 2003; Hossain et al. 2004; Satija et al. 

2005; Goel et al. 2006; Pantha et al. 2017), which may lead 

to a large variation in yield loss caused by the disease. The 

resistance level of rice varieties and their brown spot-

inducing yield reduction, therefore, need to be regularly 

evaluated. There are only a few reports on the relationship 

between brown spot severity and yield of upland rice. 

Pantha et al. (2007) found a negative correlation between 

grain yield with AUDPC (r = -0.628**). This type of 

relationship will vary among ecosystem and rice gene pool/ 

germplasm examined as variation in resistance/ 

susceptibility levels that exist within the germplasm will 

give variable yield losses. Thus, it is necessary to examine 

this kind of relationship in different germplasm, including 

that in pigmented upland rice, which is not available at 

present. The objectives of the present study were to assess 

the brown spot severities and resistance level in pigmented 

upland rice cultivars from East Nusa Tenggara (ENT) 

Province, Indonesia, and to elucidate their relationships 

with yield and yield reduction.  

MATERIALS AND METHODS 

Study location and period 

The present study was conducted in the farmer’s field in 

Lasiana Village, Kupang District, East Nusa Tenggara, 

Indonesia, during May to October 2019. The research site 

was located at S 10.13219°, E 123.67496°, 46 m above sea 

level (asl). The soil type of research location was Entisol. 

Daily mean temperature during the study period ranged 

from 26 °C to 28 °C, while the minimum and maximum 

temperatures were, respectively, 21-24 °C and 32-34 °C. 

Mean relative humidity was 65-72% in range (Stasiun 

Klimatologi Lasiana Kupang 2019).  

Plant materials 

Twenty-four pigmented (red, purple and black kernel) 

upland rice genotypes were used in this study, consisted of 

21 local cultivars, two Indonesian released red rice 

varieties (INPAGO 7, AEK SIBUNDONG) and one 

breeding line of black rice (B13784C-MR-2-2-8-4-1-1-3-

3). The Indonesian released varieties were kindly provided 

by Indonesian Rice Research Institute, Sukamandi. The 

breeding line of black rice was provided by Dr. Buang 

Abdulah (personal communication) from Indonesian Rice 

Research Institute, Muara, Bogor.  

Experimental design and procedures 

Experimental design 

The experiment in the field was laid out in a 

Randomized Block Design. The experimental field was 

divided into two experimental sets, one for disease-free 

(un-inoculated) plot as control and one for diseased/ 

inoculated plot. Each experimental set consisted of 24 

upland rice genotypes as treatments; each treatment had 

three replicates.  

Plant cultivation and maintenance 

After the planting field was cleared from weeds and 

plant debris, it was divided into two sets, one for un-

inoculated and another for inoculated plots. Each set 

comprised of three planting blocks facing east-west 

direction. Twenty four plots measuring 1.5 m x 1.5 m were 

prepared within each block, with a total of 72 plots in each 

experimental set. Between-block spacing was 100 cm while 

the spacing between plots was 50 cm.  

The plots were irrigated until field capacity level before 

sowing the rice seeds. The planting holes of 25 cm x 20 cm 

spacing were seeded with three seeds each, and after two 

weeks, only one plant per hole was retained until harvest.  

A compound NPK fertilizer (16: 16: 16) was applied 

twice; as a basal fertilizer at the time of planting and at 45 

days after planting. The dosage of each fertilizer 

application was 20 g plot-1 or equivalent to 200 kg ha-1. An 

additional urea fertilizer (N = 45%) was applied at 30 days 

after planting at a rate of 10 g plot-1 (100 kg ha-1). Weeds 

were removed manually and irrigation was provided daily 

to maintain field capacity level. A net/screen house was 

built surrounding the planting field at the panicle formation 

stage to prevent the rice grain from birds and rice bug 

(Leptocorisa acuta Thunberg). The latter was also 

controlled by using insecticide spray (Decis 25 EC).  

Preparation of conidial suspension and plant inoculation 

Drechslera oryzae isolate was propagated on the potato 

dextrose agar medium in a petri dish for 14 days. The pure 

culture of each fungus isolate was then rubbed using an 

image brush No.10 and 10 mL sterile water containing 

0.02% Tween 20 to get a conidial solution. The number of 



MAU et al. – The relationship between brown spot severity with yield loss 

 

1627 

D. oryzae conidia in the stock solution was counted using a 

hemocytometer, and an inoculum solution with a conidial 

concentration of 2×105 mL-1 was prepared for inoculation 

of the rice plants in the inoculated plots. Inoculation was 

done on 21 days old plants or 4-5 leaf stadia by using an 

aerosol sprayer. All the leaves of the plants were sprayed 

thoroughly using the prepared inoculum solution until 

runoff occurred. Plants in the un-inoculated plots were not 

inoculated with D. oryzae inoculum but instead were 

regularly sprayed in a weekly interval by using a fungicide 

Trivia (73 WP) at a concentration of 2 g L-1 to prevent the 

plants from the brown spot. 

Observation and data analysis 

Disease assessment 

The main observed variables included disease severity 

and grain yield. Disease severity was assessed on ten plants 

of each rice genotype randomly selected from a sampling 

area of 1.0 m2 in the middle of each plot and tagged, and 

the following parameters were observed and recorded: (i) 

number of leaf per plant, (ii) the disease severity of each 

leaf in the plant, obtained by comparing the brown leaf 

severity/symptom on each leaf with the brown leaf spot 

pictorial scale of IRRI (2013) to obtain the disease score of 

each leaf. Disease scores of all leaf in each plant were then 

used to calculate the disease severity of each plant using 

the formula below:  

 

 
 

Where: I = disease severity, n = number of leaves in 

each disease category/score, v = disease score, Z = the 

highest disease score, N = total number of leaves observed 

in each plant. The mean disease severity of each plot was 

obtained by averaging the disease severities of 10 

individual sample plants within each plot. 

Assessment of brown spot severity was conducted six 

times at 35, 42, 49, 56, 63 and 70 days after planting 

(DAP). At harvest, all the plants within the 1.0 m2 

sampling area of each plot were harvested and threshed 

manually to obtain grain yield per plot (g plot-1) which then 

converted into yield per hectare (t ha-1) data.  

Data analysis 

Brown spot severities over the six recordings were used 

to calculate the Area Under the Disease Progress Curve 

(AUDPC) of brown spot following the formula of 

Campbell and Madden (1990):  

 

 
Where: Yi = disease severity at the ith observation, n = 

the last disease assessment (number of assessment), ti = 

time period of assessment at the ith observation. 

 

 

The disease severity at the final recording (70 days after 

planting), which was about the panicle formation stage was 

used to assess the resistance level of the rice genotypes 

based on the standard of IRRI (2002, 2013) with disease 

scale, affected leaf area, and host response/resistant 

category, respectively, as the followings: (i) No incidence = 

highly resistant, (ii) less than 1% affected leaf area = highly 

resistant, (iii) 1-3% affected leaf area = resistant, (iv) 4-5% 

affected leaf area = resistant, (v) 11-15% affected leaf area 

= moderately resistant, (vi) 11-25% affected leaf area = 

moderately susceptible, (vii) 26-50% affected leaf area = 

susceptible, (viii) 51-75% affected leaf area = susceptible, 

(ix) 76-100% affected leaf area = highly susceptible.  

Yield loss was expressed in a relative term as a 

percentage of yields under diseased plots over yield under 

disease-free/protected plots following the formula 

(Ouedraogo et al. 1994; Mau and Ndiwa 2018):  

 

 
 

Where: L = yield loss (%), T = yield of disease-free plot 

(kg ha-1), U = yield (kg ha-1) of diseased plot 

Disease severity, AUDPC and yield data were subjected 

to analysis of variance (ANOVA) and the differences 

among the genotype means were compared using Duncan's 

Multiple Range Test at a 5% significant level. A linear 

regression analysis was performed to assess the 

relationship between disease severity and AUDPC with 

yield under disease conditions and yield loss.  

Analysis of variance was performed using Genstat 

Version 12 (VSNi 2009) software while correlation and 

regression analysis were performed using PAST (Hammer 

et al. 2001). 

RESULTS AND DISCUSSION 

Disease severity, AUDPC, and resistance level of test 

genotypes 

Symptoms of brown spot started to appear at three days 

to seven days after inoculation (or 24-28 days after 

planting/DAP). Disease severity at 35 DAP ranged from 2-

9%, which then increased to 4-12% at 42 DAP, 7-16% at 

49 DAP, 7-25% at 56 DAP, 9-32% at 63 DAP and 11-

40.7% at 70 DAP. Mean disease severity at 70 DAP, 

AUDPC over six assessments, and resistance level of test 

genotypes are presented in Table 1.  

Table 1 shows that brown leaf spot severities differed 

significantly among test genotypes. The lowest disease 

severity was recorded on local cultivars SBR-01 (11.11%) 

and PJ-01 (12.42%) while the highest was observed on 

local cultivar HK-06 (40.7%), which did not differ 

significantly from that of SBD-04 (39.40%). Fifty percent 

of test genotypes exhibited disease severities around 11-

25% while the rest 50% suffered about 26-41% disease 

severity.  
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Table 1. Disease severity (at 70 DAP), Area Under the Disease 

Progress Curve (AUDPC), and resistance level of pigmented 

upland rice genotypes from East Nusa Tenggara, Indonesia. 

 

Rice genotypes 

Disease 

severity  

(%)* 

AUDPC 

(-days) 

Resistance 

level** 

ADN-03 31.58 jk 706.53 e S 

ADN-05 33.47 kl 823.58 fg S 

AEK SIBUNDONG 27.77 h 747.08 ef S 

B13784C-MR-2-2-

8-4-1-1-3-3 

26.32 h 695.47 e S 

HK-06 40.70 o 843.21 g S 

HK-07 33.39 kl 749.10 ef S 

INPAGO 7 28.12 hi 709.64 e S 

MANU-04 31.18 jk 803.94 fg S 

MGR-04 16.90 ef 576.08 cd MS 

NGR-21 31.29 jk 802.79 fg S 

NGR-22 33.41 kl 762.89 ef S 

PAU-01 30.34 j 708.46 e S 

PJ-01 12.42 ab 398.42 a MR 

PM-01 14.60 cd 537.70 cd MR 

PMK-01 23.90 g 595.73 d MS 

SBD-01 13.31 bc 415.02 a MR 

SBD-02 37.96 mn 925.91 h S 

SBD-04 39.40 no 1081.30 i S 

SBD-05 14.80 cd 569.21 cd MR 

SBR-01 11.11 a 446.48 ab MR 

SLR-07 13.20 bc 505.39 bc MR 

TLB-02 16.58 de 403.64 a MS 

WTN-21 35.52 lm 861.68 gh S 

WTN-22 18.69 f 588.14 d MS 

Note: *Data were subjected to Arcsine transformation before 

ANOVA was carried out. **Resistance level was determined 

based on the method of IRRI (2002, 2013). MR = moderately 

resistant, MS = moderately susceptible, S = Susceptible. The 

numbers within the same column with the same letter are not 

significantly different at 0.05 DMRT.  
 

 

Mean AUDPC of brown spot was also significantly 

different among rice genotypes, indicating variability in 

accumulation of the disease during the observation period. 

Rice genotypes exhibiting the lowest and the highest total 

AUDPC were, respectively, PJ-01 (398.42-days) and SBD-

04 (1081.30-days). It is interesting to note that PJ-01 and 

SBD-04, respectively, also showed the lowest and the 

highest disease severity at the last assessment (70 DAP), 

indicating that the disease development during the 

observation period in the two rice genotypes presumably 

progressed at almost the same rate. Correlation analysis 

showed that disease severity at 70 DAP was highly 

significantly correlated (0.93**) with AUDPC, thus, either 

disease severity at 70 DAP or AUDPC can be used as a 

measure of disease intensity in the test genotypes. The 

disease severity at 70 DAP was then used to classify the 

brown spot resistance level of test genotypes based on IRRI 

(2002, 2013). No resistant genotype was observed on 24 

test genotypes but six genotypes (SBR-01, PJ-01, SLR-07, 

SBD-01, PM-01, SBD-05) were moderately resistant, four 

genotypes (TLB-02, MGR-04, PMK-01, SBD-01) were 

moderately susceptible and the rest 14 genotypes were 

susceptible to brown leaf spot.  

Table 2. Yields under diseased-free and diseased plots, and yield 

loss of pigmented upland rice genotypes from East Nusa 

Tenggara, Indonesia 

 

Genotype 

name/code 

Yield (t ha-1)- 

diseased-free 

plots 

Yield (t ha-1)- 

diseased plots 

Yield loss 

(%)* 

ADN-03 3.66 ef 2.07 cd 43.42 fghi 

ADN-05 4.39 h 3.12 g 28.98 cde 

AEK SIBUNDONG 2.76 b 1.68 ab 39.18 defg 

B13784C-MR-2-2-

8-4-1-1-3-3 

3.77 f 3.33 g 11.48 a 

HK-06 5.92 i 2.80 f 52.72 hi 

HK-07 6.13 i 2.69 f 56.14 i 

INPAGO 7 4.30 gh 2.74 f 36.29 def 

MANU-04 4.24 gh 2.31 de 45.13 fghi 

MGR-04 3.37 d 2.33 de 30.54 cde 

NGR-21 2.89 bc 1.42 ab 50.95 ghi 

NGR-22 4.27 gh 2.60 ef 39.16 defg 

PAU-01 3.51 de 2.30 de 34.42 cdef 

PJ-01 4.22 gh 3.74 h 11.36 a 

PM-01 2.98 bc 2.14 cd 27.95 cd 

PMK-01 4.33 gh 2.55 ef 41.14 efgh 

SBD-01 2.26 a 1.71 ab 24.41 bc 

SBD-02 3.84 f 1.69 ab 56.15 i 

SBD-04 4.13 g 2.21 cd 46.45 fghi 

SBD-05 2.34 a 1.95 bc 16.54 ab 

SBR-01 2.95 bc 2.58 ef 12.52 a 

SLR-07 3.47 de 3.11 g 10.46 a 

TLB-02 3.36 d 2.79 f 16.73 ab 

WTN-21 3.83 f 1.69 ab 55.91 i 

WTN-22 3.08 c 1.96 bc 36.37 def 

Note: Numbers within the same column with the same letter are 

not significantly different at 0.05 DMRT. *Data were subjected to 

Arcsine transformation before ANOVA was carried out. 

 

Yield and yield loss of test genotypes 

Yield of each test genotype was obtained from the 

conversion of dry (12% moisture content) grain yield of 

rice plants within one square meter sampling area of each 

plot into yield per hectare. The disease severities of test 

genotypes under disease-free/protected plots were 

negligible, ranging from 2-5% at 70 DAP, thus, the grain 

yields were directly converted into yield per hectare 

without any correction. A range of grain yield between 

2.34 t ha-1 to 6.13 t ha-1 was observed in the diseased-free 

plots while that in the diseased plots fell into 1.68-3.74 t ha-

1. In diseased-free plot, yields differed significantly among 

genotypes, indicating their variability in yield potential. A 

similar condition holds for plants grown under diseased 

plots, which may indicate variability in both yield potential 

and yield response under brown spot disease condition. 

Local cultivars HK-07 (6.13 t ha-1) and HK-06 (5.92 t 

ha-1) produced the highest yields under diseased-free 

conditions while PJ-01 (3.74 t ha-1) produced the highest 

yield under disease condition. Similarly, genotype 

producing the lowest grain yield under diseased-free 

condition (SBD-05) was also different from that under 

diseased condition (NGR-21). This indicates that the test 

genotypes have different yield potential, and their yields 

under diseased conditions might have been determined by 

factors that influence their yield potential as well those 

affecting their yield response under diseased conditions.   
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Variability in yield under diseased-free and diseased 

conditions ultimately caused brown spot-inducing yield 

loss to be greatly varied. The yield loss on the test 

genotypes differed significantly, ranging from 10.46% to 

56.15% (Table 2). The genotypes exhibiting the lowest 

yield loss are mostly those suffering the lowest disease 

severity (<15%), which are categorized as moderately 

resistant genotypes, i.e., SLR-07, SBR-01, and PJ-01, but 

more interestingly, the brown spot susceptible genotype 

B13784C-MR-2-2-8-4-1-1-3-3 with much higher disease 

severity (26.32%) was also among the genotypes showing 

the lowest yield loss (11.48%). The test genotypes 

demonstrating the highest yield loss (>45%), i.e., SBD-02, 

HK-07, WTN-21, HK-06, SBD-04, NGR-21, MANU-04, 

are those suffering high disease severity (>30%) and 

AUDPC (>700-days), and were classified susceptible based 

on IRRI standard (IRRI 2002, 2013).  

Classification of brown spot disease severity in relation 

to yield loss is shown in Figure 1. The increase in disease 

severity was not consistently followed by an increase in 

yield loss (Figure 1). Of the six genotypes with lower 

disease severity (moderately resistant/MR category), four 

genotypes had the lowest yield loss (<15%) while two 

other genotypes suffered a much higher (>20%) yield loss, 

approaching those of moderately susceptible genotype 

MGR-04 (MS-9) and susceptible genotype ADN-05 (S-2). 

Figure 1 also shows that on the genotypes of susceptible 

category, the increase in disease severity tended to be 

followed by an increase in yield loss but the magnitude of 

yield loss increase was not proportionate to the increasing 

level of disease severity, indicating differential yield loss 

response of the genotypes against the brown spot disease. 

More interestingly, the susceptible genotype B13784C-

MR-2-2-8-4-1-1-3-3 suffered a much lower yield loss 

(11.48%), similar to those of the four moderately resistant 

genotypes. Thus, these findings indicate that, under this 

upland rice germplasm genetic diversity level, yield loss is 

not only determined by brown spot disease severity or 

brown spot resistance level but also by other factors that 

might have influenced the yield of the test genotypes under 

brown spot disease condition. These additional factors may 

include tolerance to brown spot disease. Tolerance to 

disease is the ability of a crop to produce good yield under 

the presence of substantial disease severity (Schafer 1971; 

Agrios 2004). The susceptible genotype B13784C-MR-2-2-

8-4-1-1-3-3 could still produce high yield despite its high 

disease severity (Table 2, Figure 1), which may indicate 

disease tolerance.  

Relationships between disease severity and yield and 

yield loss 

Regression analysis results, as shown in Figure 2, 

reveal that neither disease severity (at 70 DAP) nor 

AUDPC had a significant relationship with yields of test 

genotypes. A coefficient determination of 0.0358 (Figure 

2a) indicates that disease severity contributed only about 

3.58% to the observed variation in yield of the test 

genotypes, and the rest of the variation was contributed by 

other factors. Similarly, AUDPC contributed only about 

8.33% (Figure 2b) to the observed yield variation.  

 

 

 

 
 

Figure 1. Resistance level and yield loss of test genotypes of pigmented upland rice cultivars from East Nusa Tenggara Province, 

Indonesia. MR=Moderately Resistant, MS=Moderately Susceptible, S=Susceptible. 1 - 24 = genotype number: 1=ADN-03, 2=ADN-05, 

3=AEK SIBUNDONG, 4=B13784C-MR-2-2-8-4-1-1-3-3, 5=HK-06, 6=HK-07, 7=INPAGO 7, 8=MANU-04, 9=MGR-04, 10=NGR-

21, 11=NGR-22, 12= PAU-01, 13=PJ-01, 14=PM-01, 15=PMK-01, 16=SBD-01, 17=SBD-02, 18=SBD-04, 19=SBD-05, 20=SBR-01, 

21=SLR-07, 22=TLB-02, 23=WTN-21, 24=WTN-22.  
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The present study finding is in contrast to the previous 

finding where disease severity and/or AUDPC were found 

to have a significant linear relationship with grain yield of 

test genotypes (Pantha et al. 2017). Lack of significant 

linear relationship between disease severity and AUDPC 

with yield in the present study may have been caused by 

many factors such as variability in yield potential, brown 

spot resistance level, and yield response to brown spot 

disease of the test genotypes. These variations are partly 

depicted in Figure 2, where genotype number 4 (B13784C-

MR-2-2-8-4-1-1-3-3) and 2 (ADN-05) were still producing 

high yield (>3 t ha-1) despite their high disease severity and 

AUDPC, while genotype number 16 (SBD-01), 19 (SBD-

05), 24 (WTN-22) produced only below 2 t ha-1 grain yield 

although they suffered only a low level of disease severity. 

Additional variation in yield response of other genotypes 

made the assumed linear relationship between disease 

severity or AUDPC with yields of test genotypes 

negligible.  

In contrast to its relationship with yield, disease severity 

was found to have a positive and linear relationship with 

yield loss (Figure 3.A). A determination coefficient of 

0.6713 indicates that about 67.13% of the variation in yield 

loss of test genotypes can be explained by variation in 

disease severity. A similar situation holds for AUDPC and 

yield loss, where a positive and linear relationship between 

the two variables was also observed with 58.61% of the 

observed variation in yield loss being explained by 

AUDPC variation (Figure 3.B). Previous studies (Schafer 

1971; Kramer et al. 1980; Parker et al. 2004) highlighted 

that the relationship between yield loss and disease severity 

can differ widely between crop genotypes.  

Despite their linear relationships with yield loss, there 

are still quite high percentages of observed variation of 

yield loss that cannot be explained by disease severity 

(32.87%) and AUDPC (41.39%). This phenomenon can be 

partly explained by the presence of some outliers in Figure 

3. Genotype number 4 (Figure 3a) seems to largely deviate 

from other genotypes as it suffered a high disease severity 

but experienced only a minor yield loss. The same situation 

was found in Figure 3b, where genotype number 4 also 

behaved differently from other genotypes; it had a high 

AUDPC but suffered a low yield loss. The higher un-

explainable yield variation by AUDPC as compared to that 

of disease severity, was also contributed by genotypes 2 

and 18, which also behaved almost the same manner as 

genotype 4.  

Discussion 

The present study results demonstrated varying 

responses of pigmented upland rice cultivars to brown leaf 

spot. Similar results have previously been observed in 

white-lowland rice by several studies (Percich et al.1997; 

Hossain and Kulkarni 2001; Magar 2015; Pantha et al. 

2017). Using the same disease severity rating scale (IRRI 

2002), the disease severity (11.11-40.70%) and total 

AUDPC (398.42-1081.30-days) ranges of the present study 

were a bit lower than that observed by Magar (2015), who 

recorded disease severity and AUDPC value ranges of, 

respectively, 21.73- 58.07% and 614.8-1827-days. These 

differences presumably occurred due to different rice 

genotypes being tested (24 genotypes in this study and 14 

genotypes in the study by Magar (2015) since different 

genotypes will have a different reaction to brown spot 

disease.  
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Figure 2. Relationships between disease severity (A) and AUDPC (B) with yield of tested pigmented upland rice genotypes from East 

Nusa Tenggara, Indonesia. 1 - 24 = genotype number: 1=ADN-03, 2=ADN-05, 3=AEK SIBUNDONG, 4=B13784C-MR-2-2-8-4-1-1-3-

3, 5=HK-06, 6=HK-07, 7=INPAGO 7, 8=MANU-04, 9=MGR-04, 10=NGR-21, 11=NGR-22, 12= PAU-01, 13=PJ-01, 14=PM-01, 

15=PMK-01, 16=SBD-01, 17=SBD-02, 18=SBD-04, 19=SBD-05, 20=SBR-01, 21=SLR-07, 22=TLB-02, 23=WTN-21, 24=WTN-22. 

Y = 2.6924 – 0.0115X  

R2 = 0.0358 

 

Y = 3.0431 – 0.0010X  
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Figure 3. Relationships between disease severity (A) and AUDPC (B) with yield loss of tested pigmented upland rice genotypes from 

East Nusa Tenggara, Indonesia. 1 - 24 = genotype number: 1=ADN-03, 2=ADN-05, 3=AEK SIBUNDONG, 4=B13784C-MR-2-2-8-4-

1-1-3-3, 5=HK-06, 6=HK-07, 7=INPAGO 7, 8=MANU-04, 9=MGR-04, 10=NGR-21, 11=NGR-22, 12= PAU-01, 13=PJ-01, 14=PM-

01, 15=PMK-01, 16=SBD-01, 17=SBD-02, 18=SBD-04, 19=SBD-05, 20=SBR-01, 21=SLR-07, 22=TLB-02, 23=WTN-21, 24=WTN-

22 

 

 

  

In addition to genotypic differences, the difference in 

total AUDPC might have happened due to difference in 

number of disease assessments carried out as total AUDPC 

is the accumulation of all the recorded disease severity 

during the experimental period. A study by Percich et al. 

(1997) found that the infection efficiency of pathogen 

increased with an increase in temperature, humidity, and 

moisture. Also, Magar (2015) stated that inoculum pressure 

and favorable conditions in the field might have caused an 

increase in AUDPC value of even resistant genotypes in 

the field. Thus, variability in environmental conditions 

under which the crops were grown may have also 

contributed to the observed differences in both disease 

severity and AUDPC of the present study and those of 

previous studies. 

Brown spot resistant genotype was lacking in the 

present study while six moderately resistant genotypes 

were identified out of total 24 test genotypes. Similar to 

this study, Magar (2015) observed no brown spot resistant 

genotype, and only two moderately resistant varieties were 

identified from 14 low lowland rice varieties evaluated. 

Arshad et al. (2008) found only one entry among seventy 

entries was resistant against brown leaf spot. Conversely, 

out of 20 genotypes examined, Pantha et al. (2017) 

identified one highly resistant, two resistant and 10 

moderately resistant genotypes. Six highly resistant and 

three resistant lines were found by Jha et al. (1999) among 

fifty rice accession lines examined. Besides, Goel et al. 

(2006) obtained 15 resistant and 78 moderately resistant 

lines out of 219 wild rice accessions, and Omar (1979) 

identified 26 japonica and indica rice genotypes that were 

resistant to brown spot at all stages. Out of 124 Oryza 

sativa entries evaluated by Satija et al. (2005), 15 entries 

were found resistant to brown spot, while Hossain et al. 

(2004) identified only one resistance out of 29 lines 

evaluated. Partial and complete resistance to brown spot 

was found to be expressed by several upland rice genotypes 

of eastern India (Shukla et al. 1995). Differences in the 

number of resistant and moderately resistant genotypes 

identified in different studies may occur due to different 

levels of genetic diversity of the germplasm and number of 

genotypes being evaluated. As true resistance is controlled 

by the genetic factor (Agrios 2004), thus, different 

germplasm being evaluated will ultimately result in 

different numbers of resistant genotypes.   

Resistance to rice brown spot does occur through 

various mechanisms. Ou (1985) found that some 

anatomical characters such as thicker epidermal cells and 

more silicated cells were positively correlated with 

resistance, but this was in contrast to another study by 

Purkayastha and Chattopadhyay (1975) who found no 

correlation between anatomical characters of rice plants 

with brown spot resistance. Additionally, stimulated 

synthesis of polyphenols and their oxidation products were 

observed to be correlated with resistance (Oku 1965; Ou 

1985). A coincidence of increased susceptibility to brown 

spot and increased dry weight, free amino acids, total 

nitrogen, and total protein was reported by Ou (1985). Oku 

(1965) suggested that glutathione or ascorbic acid, both are 

reducing agents, may contribute to disease resistance. 

Differential resistance levels and the number of resistance 

genotypes observed in the present study and those of 

previous studies may reflect variation in resistance 

mechanism presents in tested rice genotypes.  

Yields of test genotypes in this study varied 

significantly ranging from, respectively, 2.34-6.13 t ha-1 in 

the diseased-free plots and 1.68-3.74 t ha-1 in the diseased 

plots. Genotypes producing the highest yield (>5 t ha-1) 

under diseased-free plots, could produce only below 3 t ha-1 

yield under diseased plots, indicating high yield loss. 

Variation in yield under diseased-free condition may be 

due to differential yield potential, but variation in yield 

Y = 1.3054X +0.8460 

R2 = 0.6713 

 

R2 = 0.6495 

 

Y = 0.0662X - 10.4700  

R2 = 0.5861 
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under diseased condition presumably because the test 

genotypes had both different yield potential as well as yield 

response under disease stress. We found in this study that 

increases in disease severity tended to reduce yield, and 

hence increased yield loss. This is because the brown spot 

lesions will reduce the leaf photosynthetic area and the 

efficient use of nutrients, which in turn reduces the yield of 

diseased plants (Kranz et. al. 1978; Lee 1992; Mew and 

Gonzales 2002; IRRI 2009; Pantha 2017). Also, infection 

by D. oryzae was reported to cause a decline in yield by 

increasing the number of un-filled grains, reducing the 

number of grains per panicle and grain weight (Sanchote 

and Van Ba 2005). 

This study showed that the degree of increase of yield 

loss was not proportionate to an increased level of disease 

severity, as there were a few genotypes that suffered high 

disease severity (susceptible category) but experienced low 

yield loss similar to that of moderately resistant genotypes. 

Genotypes that are able to produce good yield under high 

disease severity can be considered as tolerant to disease 

(Schafer 1971; Agrios 2004). Similar disease tolerance had 

also been identified by Magar (2015) on HJ-G1 variety that 

had the highest grain yield of 5.10 t ha-1 despite its 

moderate disease severity (21.73%) and high total AUDPC 

value (6148). The mechanisms underlying disease 

tolerance of crops is poorly understood at present 

(Bingham and Topp 2009) but in cereal crops, several traits 

have been proposed to potentially influence the tolerance to 

foliar disease, which included those related to the 

preservation of radiation interception, radiation use 

efficiency (RUE), or partitioning of biomass to harvestable 

parts (harvest index) in infected plants (Parker et al. 2004; 

Bingham et al. 2009). Crop genotypes with large canopy 

area, for instance, may confer tolerance to foliar diseases 

since reductions in healthy leaf area may have less effect 

on radiation interception as compared to those with a 

smaller canopy area (Bingham and Topp 2009). 

Additionally, crop genotypes that can increase the rate of 

photosynthesis in the healthy tissue of diseased leaves 

could be tolerant to foliar diseases by compensating for the 

loss of healthy tissue and therefore, maintaining good yield 

(Rooney and Hoad 1989; Murray and Walters 1992; 

Zuckerman et al. 1997; Bingham et al. 2009). The 

existence of presumed disease tolerance, in this case, could 

be considered as a complementary strategy to the disease 

management as, in case the disease epidemics cannot be 

fully controlled, it will minimize the impact of the disease 

on yield (Newton 2016).  

The results showed no significant relationship between 

either disease severity or AUDPC with yield of test 

genotypes, which is contradictory to the findings of Pantha 

et al. (2017), where brown spot severity and AUDPC had a 

negative and significant relationship with grain yield of test 

genotypes. This difference may have happened due to the 

different germplasm evaluated, which may possess 

different levels of genetic diversity. Absence of significant 

linear relationships between disease severity and AUDPC 

with yield in this study can be partly explained by the 

scattered distribution of yield under varying levels of 

disease severity and AUDPC (Figure 3), where genotypes 

of almost similar resistance level (disease severity and 

AUDPC) produced significantly different yields. Thus, the 

absence of a significant linear relationship may be due to 

variability in yield potential and yield response of test 

genotypes under brown spot disease condition.  

Either disease severity or AUDPC had a positive and 

significant linear relationship with yield loss of test 

genotypes. However, the disease severity and AUDPC 

could explain the observed variation of yield loss by only, 

respectively, 67.13% and 58.61%, leaving the rest 32.87% 

and 41.39% of observed yield loss variation un-

explainable. The presence of genotypes deviated 

significantly from the other genotypes in terms of yield loss 

and disease severity or AUDPC, i.e., those still producing 

good yield in spite of high disease severity or AUDPC 

(genotype number 4 and 2), presumably contributed to the 

rest un-explainable variation of yield loss of test genotypes. 

The crop genotypes that showed a smaller yield reduction 

under high disease severity are considered to be more 

tolerant of disease (Agrios 2004; Parker et al. 2004; 

Foulkes et al. 2006; Inglese & Paul 2006; Bingham and 

Newton 2009). 

Overall, the present study results, as compared to 

findings of the previous studies, imply that the 

relationships between brown spot disease severity or 

AUDPC with yield and yield loss of genotypes with 

varying levels of susceptibility are very much dependent on 

the level of genetic diversity that exists in the germplasm 

being evaluated. Although disease severity or AUDPC had 

been frequently found to be linearly related to yield and 

yield loss of various crops (Pataky et al. 1998; Bassanezi et 

al. 2011; Chuwa et al. 2015; Pantha et al. 2017; Mau and 

Ndiwa 2018), the existence of genotypes with unusual 

behaviors such as the presumed tolerance as found in this 

study may disturb the commonly found linear relationship. 

Thus, this kind of relationship must be established for each 

gene pool assuming that each gene pool has a different 

level of genetic diversity.  

Of the six moderately resistant genotypes identified in 

this study, four genotypes (PJ-01, SBD-01, SBD-05, SBR-

01) were also found by Mau et al. (2018) to be resistant and 

moderately resistant to single or two races of Pyricularia 

grisea (the causal pathogen of rice blast disease). The 

cultivar PJ-01 also produced the highest yield (3.74 t ha-1) 

under the diseased condition of the present study. More 

interestingly, the other moderately-resistant cultivar SLR-

07 (3.11 t ha-1 yield in diseased plots) has also been 

previously found to be highly resistant or resistant to 

multiple races of P. grisea (Mau et al. 2018). Thus, 

genotypes with moderate resistance level and high yielding 

under diseased conditions hold a great promise as a genetic 

resource for the development of high yielding, multiple 

disease-resistant varieties. Genotype B13784C-MR-2-2-8-

4-1-1-3-3 which also produced high yield (3.33 t ha-1) 

under high disease severity, and was presumed to show 

disease tolerance in this study, may also serve as a choice 

for farmers in tackling the brown spot disease while 

maintaining a high yield.  

In conclusion, the present study results revealed 

significant variation in brown spot severity and AUDPC, 
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ranging from, respectively, 11.11% to 40.70% and 398.42-

days to 1081.30-days. Yields and yield losses of test 

genotypes also varied substantially. Yields under diseased-

free and diseased plots ranged from, respectively, 2.34 t ha-

1 to 6.13 t ha-1 and 1.68 t ha-1 to 3.74 t ha-1 while yield loss 

was between 10.46% and 56.15%. Six genotypes were 

moderately resistant; four genotypes were moderately 

susceptible and 14 genotypes were susceptible to brown 

spot. Neither disease severity nor AUDPC had a linear 

relationship with yield but both exhibited positive and 

linear relationships with yield loss. 
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