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Accurate measurement of parameters contributing to
diseases and their symptoms is important for identifi-
cation of resistant genotypes. Present sheath rot scor-
ing system such as disease incidence scoring system
accounts for only percentage of disease incidence and
not the disease severity. Disease severity scoring sys-
tem is based on combined features of panicle exertion
and lesion size, very laborious and less accurate in
field condition. Existing disease index requires assign-
ing of incidence-severity scores for each and every till-
ers in a plant and has greater difficulties in evaluation
of large number of plants or breeding pools. Hence,
we propose phenotypic parameters such as proportion
of panicle exertion, proportion of diseased and healthy
sheath and modified disease severity scoring system
for accurate measurement of disease. A high-through-
put and simple disease indices (severity index, lesion
index, detached lesion index and panicle discolour-
ation index) are proposed for accurate identification
of resistant-susceptible genotypes.

Keywords: Dissecting parameters, Oryza sativa, Saro-
cladium oryzae, sheath rot.

SHEATH rot disease caused by Sarocladium oryzae
[(Sawada) W. Gams & D. Hawksw] has emerged as one
of the major diseases in almost all rice-growing ecosys-
tems of the world. It is a serious menace to rice cultiva-
tion, causing yield losses of 3—85% depending on disease
severity' ~ and complete suppression of panicle exertion®.
The fungus is internally and externally seed borne, sur-
vives in plant debris’, weeds and soil. Secondary infec-
tion is due to wind or insect borne®” and pathogen infects
through flag leaf sheath. Pathogen produces phytotoxins,
viz. cerulenin and helvoic acid®’ and whole genome
sequencing of S. oryzae from our group revealed genes
involved in production of cerulenin and helvoic acid".
These phytotoxins are responsible for production of grey-
ish-brown necrotic lesion in flag leaf sheath and restricts
translocation of photosynthates to the developing pani-
cles, causing quantitative (chaffy grains) and qualitative
yield loss including discolouration of grains, reduced
seed viability, nutritional and market value®''. Incidence
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of sheath rot disease is highly correlated with sucking
pests'?, cooler climate with high humidity'*'* and mois-
ture stress during reproductive stages in aerobic condi-
tion.

Accurate measurement of parameters contributing to
diseases and their symptoms is important for identifica-
tion of resistant genotypes. Sheath rot disease incidence
(SES)" and severity scores'® used for measurement of
disease are inadequate to identify the resistant geno-
types'’. The existing ‘SES’ scoring system accounts for
only percentage of infected tillers and not for the severity
of the disease. Severity scoring is based on combined fea-
tures of lesion size and extent of panicle exertion. The
severity scores are assigned to each and every tiller (1-9
scale), viz. small lesion with normal panicle exertion
(score-1), enlarged lesion with normal panicle exertion
(score-3), 6-15% of diseased sheath with 75% panicle
exertion (score-5), 16-50% diseased sheath with 50% of
panicle exertion (score-7) and higher than 50% of dis-
eased sheath with less than 25% of panicle exertion
(score-9). Assigning severity scores to every tillers, esti-
mation of percentage of diseased sheath from spindled
flag sheath and disease index'® are difficult and laborious
for large number of plants. Hence, in this study, pheno-
typic parameters, viz. proportion of panicle exertion, pro-
portion of diseased and healthy flag leaf sheath are
proposed for accurate disease measurement. Simplified
sheath rot severity scoring system and novel disease indi-
ces (severity index, lesion index, detached lesion index
and panicle discolouration index) are proposed for identi-
fication of sheath rot disease resistance in rice.

New phenotypic parameters, viz. proportion of panicle
exertion, proportion of healthy and diseased flag sheath
were estimated from averaged values from five tillers per
plant. Panicle length'®, panicle exertion'’, flag leaf sheath
length (measured from top most node to ligule of flag leaf
at physiological maturity stage) and sheath rot lesion
length (measured lesion length longitudinally on flag leaf
sheath at physiological maturity stage) were used for
estimation of new parameters as follows.

Proportion of panicle exertion

_ Panicle length (cm) + panicle exertion (cm)

B

Panicle length (cm)
Proportion of diseased flag leaf sheath

_ Sheath rot lesion length (cm)
Flag leaf sheath length (cm) ’

Proportion of healthy flag sheath

_ Flag leaf sheath length — sheath rot lesion length (cm)
Flag leaf sheath length (cm) '
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Simplified disease severity scores were assigned to each
plant based on percentage of diseased sheath (% of dis-
ease sheath = proportion of disease sheath averaged over
five tillers per plant x 100) and categorized into severity
scores (1-9 scale) (Table 1).

SES'" scores converted into percentage of infected till-
ers and severity parameters (severity scores, lesion
length) were averaged across five tillers used for estima-
tion of disease indices.

Severity index = mean percentage of infected tillers

x mean sheath rot severity scores.

Lesion index = mean percentage of infected tillers

x mean sheath rot lesion length.

Varietal response to sheath rot disease was categorized
into different response groups based on modified disease
indices value'® as immune (0), highly resistant (1-100),
resistant (101-200), moderately resistant (201-300),
moderately susceptible (301-500), susceptible (501-700)
and highly susceptible (>700).

In vitro screening protocols, viz. standard grain inocu-
lation'’, detached sheath assay and electrolyte leakage
assay'® and mycelial insertion into sheath’ were used for
screening of rice genotypes for sheath rot disease.
Detached tiller assay'’ is very simple, accurate and suit-
able to assess absolute resistance of breeding pool or
genotypes under laboratory conditions. Fewer number of
tillers per plant are sufficient to represent absolute resis-
tance and rest of tillers could be used for field screen-
ing/yield parameters. Therefore, two in vitro based
indices, viz. detached lesion index and panicle discolour-
ation index were proposed.

Detached lesion index = mean percentage of infected
tillers x mean sheath rot lesion length by detached
tiller assay.

Panicle discolouration index = mean percentage of in-
fected tillers x mean length of panicle discolour-
ation by detached tiller assay method.

The existing and proposed disease indices were compared
using selected recombinant inbred lines (RILs), parents
(BPT5204 and HP14) and check (IR64) during kharif
season, 2013. Disease response of different genotypes
was consistent among genotypes for immune and highly
resistant responses (Table 2). Severity and lesion indices
were highly effective in differentiating susceptible and
highly susceptible genotypes compared to existing dis-
ease index as observed in HPR81, HPR141, HPR658 and
IR64 genotypes due to two reasons. First, severity and
lesion indices were estimated based on mean values of
each plant, whereas assigning scores to each tillers in
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existing scoring system, the tillers with disease escape or
lesser disease severity sums up to error or lesser disease
index value. Secondly, severity and lesion indices
estimated based on average lesion length were more
accurate and realistic compared to existing disease index
estimated from visually scored parameters. Therefore,
new proposed severity and lesion indices are more accu-
rate compared to existing and in vitro based detached
lesion and panicle discolouration indices. /n vitro based
disease indices showed considerable variation for disease
response as influenced by turgidity of sheath and geno-
typic variation for nodal roots developed during the incu-
bation period®.

Field experiments consisting of 276 RILs, parents
(BPT5204 and HP14) and checks (IR64, MAS26, MAS99
and MAS946-1) were evaluated for sheath rot disease
under artificial disease screening during kharif season,
2014 (July sowing) and late kharif season 2014 (October
sowing) under aerobic condition. The experiments were
conducted in randomized complete block design with two
replications in experimental plots, Department of Genetic
and Plant Breeding, UAS, GKVK, Bengaluru.

Artificial disease screening was adopted to enrich the
inoculum by different methods'®, viz. seeds soaked in co-
nidial suspension (10’ conidia/ml) overnight, whole plant
inoculation with cotton swab method (10° conidia/
ml) during peak vegetative stage and, foliar inoculations
(10° conidia/ml) from peak vegetative to booting stages.
Significance of mean for sheath rot disease attributing
traits between kharif and late kharif was tested using
t test assuming unequal variances at 5% level of signifi-
cance.

Tall statured parent HP14 recorded maximum panicle
exertion during both kharif (5.25 cm) and late kharif
(3.88 cm) with average panicle exertion of 126% and
120% respectively. No disease incidence was observed
and was highly resistant to sheath rot disease based on
disease indices (Table 3). Semi dwarf statured BPT5204
recoded partial panicle exertion (—3.94 cm and —8.56 c¢cm)
with average panicle exertion of 69% and 38% during
kharif and late kharif seasons respectively. Maximum
disease incidence was observed in BPT5204 and catego-
rized as highly susceptible based on severity and lesion
indices, and moderately susceptible based on detached
lesion and panicle discolouration indices.

Table 1. Disease severity scores

Diseased flag leaf sheath (%) Severity scores

Less than 1%

2-5% of flag leaf sheath infected
6-25% of flag leaf sheath infected
26-50% of flag leaf sheath infected
More than 50% of sheath infected
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Table 2.

Comparison of disease indices among selected RILs and parental lines

Proposed indices

Existing disease

Detached lesion Detached panicle

RIL index Severity index Lesion index index discolouration index
HPR-64 0 () 0 () 0 () 0 () 0 ()
HPR-81 590 (S) 700 (S) 900 (HS) 425 (MS) 450 (MS)
HPR-117 15 (HR) 75 (HR) 19 (HR) 202 (MR) 188 (R)
HPR-141 162 (R) 600 (S) 675 (S) 450 (MS) 738 (HS)
HPR-221 0 () 0 () 0 (D) 0 (D) 0 (D)
HPR-229 558 (S) 700 (S) 833 (HS) 450 (MS) 667 (S)
HPR-235 0 (D) 0 (D) 0 (D) 0 (D) 0 (D)
HPR-377 12 (R) 8 (R) 11 (R) 49 (R) 55 (R)
HPR-616 661 (S) 800 (HS) 1300 (HS) 617 (S) 508 (S)
HPR-618 358 (MS) 633 (S) 733 (HS) 558 (S) 1200 (HS)
HPR-658 447 (MS) 833 (HS) 1367 (HS) 1450 (HS) 1250 (HS)
HPR-817 716 (HS) 800 (HS) 1100 (HS) 667 (HS) 1100 (HS)
HPR-867 506 (S) 650 (S) 675 (S) 933 (HS) 1263 (HS)
HP-14 0 () 0 (D) 0 (D) 0 (D) 0 (D)
BPT-5204 763 (HS) 850 (HS) 975 (HS) 421 (MS) 479 (MS)
IR-64 452 (MS) 780 (HS) 1340 (HS) 1275 (HS) 1125 (HS)

Table 3. Mean performances of parameters related to sheath rot disease resistance in 276 RILs derived from BPT-5204 x HP-14 cross under
artificial disease screening in rice

BPT5204 HP-14 RILs (mean)

Traits Kharif Late Kharif Kharif Late Kharif Kharif Late Kharif
Plant height (cm) 37.96 37.96 107.28 78.23 89.68%* 65.88%*
Panicle exertion (cm) -3.94 -8.56 5.25 3.88 1.47%* —4.83%*
Proportion of panicle exertion 0.69 0.38 1.26 1.20 1.07** 0.68**
Sheath rot lesion length (cm) 11.37 10.56 0.00 0.00 3.75%* 7.55%%*
Proportion of healthy sheath 0.52 0.37 1.0 1.0 0.85%* 0.61%*
Proportion of diseased sheath 0.61 0.63 0.00 0.00 0.17%* 0.39%*
Sheath rot (SES) scores 8.33 9.00 0.00 0.00 2.08** 4.17%*
Sheath rot severity scores 7.88 8.25 1.00 1.00 2.81%* 5.53%*
Infected tillers (%) 95.83 100 0 0 20.50%** 38.03%**
Sheath rot lesion length (cm) under detached tillers assay 5.75 4.21 4.81 3.15 6.20 6.04
Panicle discolouration (cm) under detached tillers assay 10.38 4.79 8.25 3.00 9.22%* 7.28%*
Severity index 758.33 825.00 0.00 0.00 159%** 298%**
Lesion index 1089.86 1056.25 0.00 0.00 292%* 45]%*
Detached lesion index 557.29 420.83 0.00 0.00 125%* 239%*
Panicle discolouration index 997.92 479.17 0.00 0.00 212%* 328%*
Grain yield/plant (g) 21.30 3.13 11.87 2.83 18.21%** 3.3 %k

*Significant at 1%; **Significant at 5%.

Significant difference was observed for mean perform-
ance of RILs for sheath rot disease attributing traits
between kharif and late kharif seasons. Sheath rot disease
incidence and severity, proportion of diseased sheath,
percentage of infected tillers and disease indices were
high during late kharif season compared to regular kharif
season, suggesting environmental influence in the expres-
sions of disease. Kharif season recorded higher mean for
panicle exertion compared to late kharif. Micro environ-
mental features such as cooler temperatures coupled with
high humidity'* prevalent during August to November
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and partial panicle exertion”*' favour the disease devel-
opment.

Estimates of phenotypic correlation coefficients
showed significant positive correlation between newly
proposed phenotypic parameters and disease indices with
sheath rot scoring system. Proportion of diseased sheath
and disease indices showed positive significant correla-
tion with present scoring system (Table 4). Proportion of
panicle exertion and plant height recorded significant
negative correlation with disease incidence (SES)**?',
disease severity and disease indices. Significantly high
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positive association was observed among the disease
indices (Table 4), suggesting that any of the four disease
indices are useful for accurate measurement of sheath rot
disease and identification of resistant genotypes.

In the present study, new proposed disease indices
were more accurate in measurement of disease resistance
and identification of resistant genotypes compared to
existing disease index. /n vitro based detached lesion and
panicle discolouration indices were relatively more vari-
able due to the turgidity and genotypic variation for nodal
roots developed during incubation period. Therefore,
severity and lesion indices derived from the mean values
of disease incidence and severity parameters were more
accurate in differentiating resistant-susceptible genotypes
and useful in crop improvement breeding for disease
resistance in rice.
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Manganilmenite is found to be associated with the
magnetite ore body of Pokphur area in the Nagaland
ophiolites, North East India. There is perhaps no ear-
lier description of the mineral from the Indian sub-
continent. It occurs as an accessory mineral with
magnetite and Fe-chlorite (chamosite). Electron probe
micro-analytical data reveal that the mineral contains
5.6-8.5 wt% MnO and traces of MgO, ZnO and
Cr,03, while the TiO, content remains within narrow
limits of 50-53 wt%. The calculated pyrophanite
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