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Comprehensive abstract

Introduction

Sarri and Prescott scale (A) is one of the most popular scales for measuring foliar diseases of small-
grain cereals, which is expressed as 0-9 scores. Double digit scale (AB) was created from
incorporating A and B (disease severity on top leaves) scales. A and AB scales are considered as
ordinal rank scales, and their recorded data (as descrete variables) can not be analyzed by parametric
statistical methods. If they are suitably transformed to disease severity index (or percent of disease
index = PDI), then can be analyzed by parametric methods as continous variable. The objectives of
this study were to compare different methods and scales for measuring the disease severity, statistical
analysis, advantages and disadvantages, and finally to introduce the appropriate method for evaluating
the wheat tan spot disease caused by Drechslera tritici-repentis and other foliar diseases of small grain
cereals.

Materials and methods

In this experiment, the intensity of tan spot disease on ten wheat cultivars was measured in a
randomized complete block design with three replications and recorded as four variables, A, B, AB
and PDI. In this study, the first variable (A) was used to show the severity of the disease based on the
Surrey and Prescott scale (equivalent to the first digit of the double-digit scale), and the second
variable (B) to express the contamination level of the disease severity on top leaves (equivalent to the
second digit of the double-digit scale). The third variable (AB) was obtained from the combination of
the first and second variables, and the fourth variable was the percentage of disease severity index
(PDI). To compare variables and sselect the best ones, statistical analysis of data was performed using
descriptive statistics, analysis of variance, comparison of means by LSD method, as well as correlation
coefficients and regression analysis between the studied variables.

Research findings

Evaluating the skewness and kurtosis statistics of the studied four variables in this research showed
that only the B and PDI variables had a normal distribution. Shapiro-Wilk and Kolmogorov-Smirnov
statistics and data frequency distribution chart also showed the normality and continuity of two
variables B and PDI, while the variables A and AB did not have a normal distribution and due to the
gaps created between different data groups in frequency distribution chart, they can be considered as
discrete variables. The results of analysis of variance indicated a significat difference between the
studied treatments (wheat cultivars) in terms of two variables B and PDI, but the difference between
wheat cultivars was not significant for the variables A and AB. Estimating the relationships between
four variables using correlation coefficients and linear regression analysis revealed a significant
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relationship between the variables A and AB as well as the variables B and PDI. The results of linear
regression showed that although the double-digit scale is a composite scale, there was a very strong
regression relationship between its values and the variable A, while the relationship between the
double-digit scale and the variable B was weak. On the other hand, PDI, which is the most complete
variable to describe the disease severity, showed a strong regression relationship with the second digit
of the double-digit scale (variable B), but its relationship with the first digit or numerical value of the
double-digit scale (variable A) was weak.

Conclusion

The results of the statistical analysis of this research showed that the expression of disease severity
(untransformed data) in terms of the variables B (disease severity on the upper leaves) and PDI
(disease severity index) had more statistically appropriate than the variables A (Sari and Prescott
scale) and AB (double-digit scale). Therefore, improving and upgrading the Sari and Prescott scale to
a double-digit scale can only be effective in practice if it is correctly transformed into a comprehensive
disease index (such as PDI), otherwise there will not be a big change in the quality of disease
assessment. It is concluded that in assessing the severity of wheat leaf diseases, after determining the
disease severity based on the A or AB scale, the data must firstly be converted to the variable PDI and
then the analysis of variance or regression analysis should be performed.
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Table 1. Saari and Prescott (1975) scale for measuring foliar diseases severity in small grain cereals

Score Description
0 No contamination
1 Occurrence of little separate and scattered spots on the lowest leaves
2 Occurrence of scattered spots on secondary leaves along with infection of primary leaves
3 Occurrence of little infection on the leaves of lower 1/3 of the plant
4 Extension of disease up to lower half of the plant
5 Severe infection on the lower leaves and extension of disease up to lower half of the plant
6 Severe infection on the lower 1/3 of the plant moderate infection up to lower half of the plant
7 Severe infection on the lower and middle leaves and little extension of disease up to under flag leaf
8 Severe infection on the lower and middle leaves and very little infection on the flag leaf
9 Severe infection on all leaves and infection of spike
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Table 2. Descriptive statistics of tan spot disease in different wheat cultivars measured by Saari and Prescott
(1975) scale (A), disease severity percent on the highest leaf (B), double digit scale (AB), and disease severity

index (PDI)

Variable AB A B PDI

Mean 70.62 6.85 20.53 17.57

Standard error 7.79 0.75 6.85 6.37
Coefficient of variation (CV) 11.03 11.02 33.36 36.26

Minimum 51.0 5.0 10.0 6.17
Maximum 92.0 9.0 40.0 34.56
Skewness -0.98 -0.86 0.63 0.34

Standard skewness -2.12 -1.85 1.36 0.73
Kurtosis 4.49 4.68 1.29 0.79

Standard kurtosis 4.84 5.05 1.39 0.85
Shapiro-Wilk statistic 052" 0.59 ™ 0.89 ™ 0.94 ™
Kolmogorov-Smirnov D statistic (KSD) 0.41™ 0.47™ 0.24 " 0.20 ™

s *and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
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Figure 1. Frequency distribution of four variables used to measure tan spot disease severity in wheat different
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standard normal distribution.
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Table 3. Analysis of variance of tan spot disease severity in different wheat cultivars based on Saari and
Prescott (1975) scale (A), disease severity percent on the highest leaf (B), double digit scale (AB) and disease

severity index (PDI)
. Mean square

Source of variation df AB A B PDI
Replication 2 15.31 " 0.14 ™ 0.04 ™ 7.09
Treatment 9 59.15™ 052 0.94" 79.62"
Error 134 67.09 0.65 0.25 22.69

Total 149 - - - -
R-square 34.53 32.68 68.13 66.89

, " and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
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Figure 2. Comparison of means of tan spot disease severity among different wheat cultivars based on disease
severity percent on the highest leaf (B) and disease severity index (PDI) variables using LSD mathod
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Table 4. Correlation coefficients between the variables of tan spot disease severity in wheat different cultivars

using general linear model (GLM) measured by double digit scale (AB), scale of Saari and Prescott, 1975 (A),
disease severity percent on the highest leaf (B) and disease severity index (PDI).

Variable AB A B PDI

AB 0.38" 0.57"

A 0.50"

B 0.97
PDI

" *and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
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Figure 3. Simple linear regression between the different variables of tan spot disease severity in the studied
wheat cultivars. A) Saari and Prescott (1975) scale, B) disease severity percent on the highest leaf, AB) double
digit scale, PDI) disease severity index. Figures a, b, and c show the regression between PDI variable and the
variables A, B, and AB, respectively.
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Figure 4. Simple linear regression between the different variables of tan spot disease severity in the studied

wheat cultivars. A) Saari and Prescott (1975) scale, B) disease severity percent on the highest leaf, AB) double
digit scale. Figures a and b show the regression between AB variable and the variables A and B, respectively.

Gl e SO olgsa (glad; b gaeys sla b e
(Madden et al., 2007) ail oo (€S £55 3 Glow sldiy cans b ao)0) (55l £485 (yl5me
shel Sily wiia S A 5 AB oy 50 Sypods ol w0 45 el WS e S
35 90 slagslde elul n ead gl piblasly 2 o8 Ojgoh (L) as)ie mhae 0 g (Sendy
(Eyal et al., 1987; Sharma and Duveiller, 2007) b G O jg0ds a5 (g 5lom Sad 0gd g0 ad F LA
(Saari and Prescott, 1975) «lKw, 5 s)le g 5O Alwge piie SO leieds wad o (6 S ojlul o
9577 Ll slagslde g9 5l b 99 52) Winn > (ol Db (60l el o o a5 L3

\Y¥



VFe Y QL.....JL /,65.5 o)Lo.ifa /p-ab.b).w 0,99 [ Solaass

pasS gleys a4l (g len Sl (6 S o3Il slaulide (5 Lol Ay lie

b @it gl has (ogs Jbop Sjge ;5 g S
g5 b cmlie ot 5 ormb @) (usin S
Sgi Suop Jloy 4 ool xy5e5 U 0gd ploxil aosls
Sladss 5l golaws o slisuies (Laycock, 2004)
Cosl 00 Cule, Jolye ol oeiS U318 s suds alox
Sahragard, ) o Slo 4 Glg e diges lacas a5
Azadvar and ) L, ¢ Ll 4 (2009
ohHler 5 BT 5,5 o)lsl (Rahimian, 2009
26 ol slp s (Aghajani er al., 2010)
IS sl 4 glon p wilize sla iSg 8
Lipps and Madden, ) ;oo 5 ued slas, olio
Sisgy a0y g (Vo U Lao sbeaids Joli) (1989
Dol Gelul g Wo S colaul pz iy Sy mlaw
3 Frme 6yl S e |, PDL jl solis
adls olpaioy Sladllas gl -y

sl slesbie (B 5l (o SP b
Sl (OS5 5240 5 jaile OME 5y slas Lo ol
B iz sl )gaS plaizme ooliiul 550 w0 j9i0 oS
Eyal et al., 1987; Sarker et al., 2009; ) 5.5 o
o5, 90 wlie cid> o (Mojerlou et al., 2010b
B b a5 sl SPulde il Glo; 900 o8
Ol 5l o Wigr 5o (Silem Jlaie oy 4y (65 e
oy ghe Sl g SP el ) (Al elde
cds 4 ks oS cl W YU S, s, beas)
Mojerlou ) I, \Ke g oJ 290 0 )18 (b5l (sl (8 5 i
Sad b o8y g0 wlide awslie L (er al., 2010a
5 pB)l 0 Gz Sr sy Sler 20,0 Glen
(FEyan gras SbaSd jleslatal b pasS glacnY
Somd VL @b o03) 93 ol aS 0 Az
dob 0o Glem Syt Grogi 0 Gilen Dud @
a5 el 53 4y pY ols e g pB)] den o b
ple Sogods (o8, 90 whde laosly I G5l
55,5 solitul (doys 0 o baws 9a0)

Obe &S ol flas Gudss ol mls ggemme o
ood) B LgLﬁ):.i;‘.a > g Lg)Lo.g IR WY Lgl;boo‘o

Gl paxls) PDL g (g (oYL slos 5 (59, (5 lon

Cud glrosls 4 e (6 5YL Lg)LoT Gl 5l (5 ko
9 (uls.w).) 9 6)Lw U»L.O.A)A L_SLQ).M U"JL““ 5 o

Yo

ogax U aiSS ] \Wigd oo oo dlunS (slo e
s Wosls Jlgld aier Sloged 5l oeolawl b (g0l
s Wb aenS slaate () JSE) b asie
slaa s slaghs, pled (280 o wies Sl
s ol g, 5 oolisal b s ey ool 5 5l
Jobos B ool (b g S, g ibly 4325
90 4 bae ool aie ogs Jloy it
slil Sz 5 SowtS clooylel 4 2l b ite
5 Kolmogorov-Smirnov. D slas )l 5 leesls
B jiie (Y Joa>) &b _asie S Shapiro-Wilk
Sp @b Sy ghe by s Sk o
bl o9 Az @ly 5o el (gilem @dle alisgay
537 ol ool alply wliee Clumdy i
3 50 PDI jsie 058 o0 anaiile atugy b yesie
e Syl Fakad) Sl eslital b AB hos axes
L N - ]
Sl el B8 syl slagis, b anboy ges]
Moges g ¥ Jgax slao,lel (Garrett et al., 2004)
S e ) JS5) ko () sloosls Jld i
Slse cwlply 5 wog Jbs PDI glacols a5 wisls
s s o8 dle sl slaghs, b, )
Loodboy gy il camar Ay AB (gla i
ol o bl it Jllos LB 6,2l syl (sla b,
Cuz b (s S, 5 oel)ly 4 adllas
plosl b ysie (o LU (o) 9 Lol (2L pae L]
Cud (golewm Dol gleools a5 STl sezg Lo
) (@ Gl o) lass, oliie So ol 2 00
2555 55 (S ojlse 5o Lol e S Gl ls i Olgi oo
oS S5 ol 4 arg b sl 43,5 &g ol oyl Lo
Jbse ohsa «BLS cwliig)lon Dlidxs Sl (g ke
hoesliinl bl 257,68 bl wyn s bgedss
il wedee pll sl 5 ey slagulie
cxge A5 Gl S Gl 5o e baesls 45
Cawdty o talojl ol 51 (xBly 5o g ol gl 09 o0
(Turechek, 2004) o1
O3Sy 5 ol 4325 4S9 g WS Toae
Sz 9 e oolail LB 58 m Waools cplo)l jo o>
(F) 5 () Lals, 5l oaliasl U sl lazl oy 1o ! ol
Ui (olons s asLs L) PDI elaosls & 1, L

I3 el 0y9e 1y osls @398 39 Jlop w595



\F.Y uLa.wala /ﬁjé o)Lo.ﬁJ /p—ﬁb).w 0,99 [Me uLa.‘.a:z.t

Sl Sl

28lw olai

Ll 50 BBz (pl 4 08 e anl (H1) esiny
L& lprear Wl o a5 Jbo b s w5 Ly, aigS o
el s alool 09 yen 05l ablie

g yo dM" wLC)
Mo oal )55 50 45 0t g0 el (UB) oty
‘)L‘lé) £g ‘Ls.")‘ S “'L“’-'?)l B d)bl j‘ Jﬁls)jbd{

odi ka5 pld Ojgoa ((08) 93 eLie) AB
Loas o olas o g )S) mls wdg 005
S5 ahly 08 90 whde 09 (oSS 2979
ool (nl g (Jsl 08)) SP uliiie jlade (o (558 )l
5 035 95 b o alaly &Sl o wctls ez
RS Glgieas a5 PDI oy jans (B) pgo o8,
by ol il gilonm e cipogi 6l e
Ol (B) (03, 93 whie pgo 08, b 698 (Fsem)S)

.J.S‘oo; 65}"" ‘djtfeo )L..M.)l 9 JL.Q)l L) 9 Uboolo JJ.>
9009 Jrol Slidss 5 SO Jol> dlis cpl (rioren
Loy me )09 Sb) a4 b5 sbay 65 b

035 b (o0d) 99 ooldie (s39e jlaie b )] bl I Lol ol
Ol (F JS&) 09 cawnds (SP Lubidie i) o] Js
SP ol b5yl g o5epe 45 3,5 (S ames job
el (sl o (saladl e g ous piiie g Oy (Lhalon Sse Jas )0 Wlgi oo 3o o Laitd ¢ a3, 55 eliho 4y
aalys g 485 O)jge ctoles b ayd w0 Solom § pals caSli 4 o (S ypods 45 358 &by
<85 CohS 50 Dyge (pl pé ;0 web Jos (PDI L)

Olear wb sl obml Sz s (bl L8
Som S Sr sl ol b3l s K
5 AB L A Gl ulide cum p gilon ol S
el bl g lel Lo 5 4525 g5 5o el 5 L3
ol g a5 e g Wigd Jaus PDI e a4y Laools
Bg plail osls d?*“’)f) Jlosi b

Ao ,Lis! o3l
b emrs Oyge 4 dlie cpl Ol b (OB) sdians
‘Lﬁdﬁb “9.»..7:.:) )l oolawl d}.ﬂ} A.,J.f 9 oo; MASBA

LS o 38Ty 56 a1, 0y 5 Lo 9 da IS

References

Aghajani, ML.A., Bagherani, N. and Mottaki, E. 2010. Chemical control of tan spot of wheat in
Golestan province. Proceedings of the 19" Iranian Plant Protection Congress. July 31-3 Aug. 2010,
Iranian Research Institute of Plant Protection, Tehran, Iran. [In Persion].

Azadvar, M. and Rahimian, H. 2009. Study on tolerance ratio of 11 commercial potato varieties to
bacterial wilt agent in root and stem inoculation methods. Iranian Journal of Plant Pathology, 44,
pp- 184-190. [In Persion].

Campbell, C.L. and Madden, L.V. 1990. Introduction to plant disease epidemiology. John Wiley,
New York. 532 p.

Cardoso, J.E., Santos, A.A., Rossetti, A.G. and Vidal, J.C. 2004. Relationship between incidence
and severity of cashew gummosis in semiarid north-eastern Brazil. Plant Pathology, 53, pp. 363-
367. https://doi.org/10.1111/7.0032-0862.2004.01007 .x.

Cooke, B.M. 2006. Disease assessment and yield loss. In: Cooke, B.M., Jones, D.G. and Kaye, B.
(Eds). The Epidemiology of Plant Diseases. 2" Edition. Springer, The Netherlands. pp. 43-80.

Eyal, Z., Scharen, A.L., Prescott, J.M. and van Ginkel, M. 1987. The Septoria diseases of wheat:
Concepts and methods of disease management. Mexico, D.F., CIMMYT.

Garrett, K.A., Madden, L.V., Hughes, G. and Pfender, W.F. 2004. New applications of statistical
tools in plant pathology. Phytopathology, 94, Pp- 999-1003.
https://doi.org/10.1094/PHYTO.2004.94.9.999.

James, W.C. 1971. An illustrated series of assessment keys for plant diseases, their preparation and
usage. Canadian Plant Disease Survey, 51, pp. 39-65.

Laycock, D.S. 2004. Manual for Field Trials in Crop Protection. 4™ Edition. Syngenta, Switzerland.
444 p.

Lipps, P.E. and Madden, L.V. 1989. Assessment of methods of determining powdery mildew
severity in relation to grain yield of winter wheat cultivars in Ohio. Phytopathology, 79, pp. 462-
470. https://doi.org/10.1094/Phyto-79-462.

\Y#



VEY bials [pgo 0 les /o s 0,90 [ ligioss PS5 oy a0 oyl Sl (g eFoill slo ol (g lol duglie

Madden, L.V., Hughes, G. and van den Bosch, F. 2007. The Study of Plant Disease Epidemics.
APS Press. https://doi.org/10.1094/9780890545058.

McRoberts, N., Hughes, G. and Madden, L.V. 2003. The theoretical basis and practical application
of relationships between different disease intensity measurements in plants. Annals of Applied
Biology, 142, pp. 191-211. https://doi.org/10.1111/j.1744-7348.2003.tb00242..x.

Mojerlou, S., Safaie, N., Alizadeh, A. and Khelghatibana, F. 2010a. Comparison of double digit
index and disease severity in disease progress of wheat septoriosis (Septoria tritici) using artificial
neural network. Trakia Journal of Sciences, 8(4), pp. 62-66.

Mojerlou, S., Safaie, N., Alizadeh, A. and Khelghatibana, F. 2010b. Temporal analysis of Septoria
leaf blotch progress in wheat. Agricultura Tropica Et Subtropica, 43, pp. 266-276.

Saari, E.E. and Prescott, J.M. 1975. A scale for appraising the foliar intensity of wheat diseases.
Plant Disease, 59, pp. 377-380.

Saharan, G.S., Mehta, N. and Sangwan, M.S. 2005. Diseases of Oilseed Crops. Indus Publishing
Company, New Delhi.

Sahragard, N. 2009. Evaluation of resistance of some genotypes and cultivars of almond to
Verticillium dahliae. Pajouhesh and Sazandegi, 78, pp. 125-131. [In Persion].

Sarker, M.A.Z., Malaker, P.K., Bodruzzaman, M. and Barma, N.C.D. 2009. Effect of
management and seed rate on the performance of wheat varieties with varying seed sizes.
Bangladesh Journal of Agricultural Research, 34, pp- 481-492.
https://doi.org/10.3329/bjar.v34i3.3975.

Seem, R.C. 1984. Disease incidence and severity relationships. Annual Review of Phytopathology, 22,
pp- 133-150. https://doi.org/10.1146/annurev.py.22.090184.001025.

Sharma, R.C. and Duveiller, E. 2007. Advancement toward new spot blotch resistant wheats in
south Asia. Crop Science, 47, pp. 961-968. https://doi.org/10.2135/cropsci2006.03.0201.

Turechek, W.W. 2004. Nonparametric tests in plant disease epidemiology: Characterizing disease

associations. Phytopathology, 94, pp. 1018-1021. https://doi.org/10.1094/PHYTO.2004.94.9.1018.

\YY



