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Figure 1. The daily precipitation values and some of the climatic elements studied at the Setkhiris station during the 2016/2017

growing season.
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Table 1. The monthly average values of some climatic factors studied and the total monthly precipitation at the Satkhiris Station
during the 2016/2017 growing season.
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Table 2. Some of the agronomic features of the wheat varieties Cham 3 and Cham 9 under different treatments.
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Dates &$15all  Dates 4819l Dates &8)sall  Dates 319all  Dates 1815all  Dates 1) sall
Al B Al B el M. Al B el e Al
Late Opt. Late Opt. Late Opt. Late Opt. Late Opt. Late Opt.

il PN
Varieties Density

4754 6092 414 44.7 1.8 25 372 46.2 15.3 17.7 5.0 5.3 Cham 3 3 oL Llle
7380 9200 401 48.0 2.3 3.4 509 581 175 20.7 6.4 6.7 Cham 9 9 L& High
3992 5788  46.1 48.0 24 24 46.3 491 17.0 18.7 59 5.8 Cham 3 3 oL unidie
4892 8009 449 51.3 2.2 3.3 46.7 579 16.8 19.7 5.8 6.2 Cham 9 9 »L& Low
Al i Al i el M. Al B el e Al e gall Jass gl
Late Opt. Late Opt. Late Opt. Late Opt. Late Opt. Late Opt. Dates average
5254 7272 431 48.0 2.2 29 453 528 16.6 19.2 5.7 6.0
T et @L; T e xe @Lc MR TR 3._331.9 T e te a-)n; T e te ul‘c MR TR @L; :\ﬁm‘bjh
Low  High Low  High Low High Low High Low High Low High Density average
5670 6857  47.6 43.6 2.6 25 50.0 48.1 18.1 17.8 59 5.9
9aldi  3ald 9.l 3ald 9ald Jald 9ald 3ald 9a& 3ald 9ald 3 CliaY! Jau sia
Cham 9 Cham 3 Cham 9 Cham 3 Cham 9 Cham 3Cham 9Cham 3 Cham 9 Cham 3Cham 9 Cham 3 Varieties average
7370 5156  46.1 451 2.8 2.3 534 447 18.6 17.2 6.3 55
LSDO0.05 LSDO0.05 LSDO0.05 LSDO0.05 LSDO0.05 LSDO0.05
1831.6* 2.72* 0.55* 2.432** 0.085*** 0.082** Dates e/ sall
1336.3ns 0.84*** 0.20ns 1.083** 0.670ns 0.203ns Density 43Ul
1591.6ns 2.26ns 0.44ns 1.923ns 0.669ns 0.201ns Y x el gall
Dates x Density
1178.2** 2.91ns 0.47* 3.816*** 0.698** 0.285*** Varieties —slual!
1538.9ns 3.14ns 0.54ns 3.927ns 0.699ns 0.286ns GliaY) x el sl
Dates x Varieties
1543.8ns 2.94ns 0.48ns 3.856* 0.845** 0.314** Gl x a8l
_Density x Varieties
2078.5ns 4.27ns 0.71ns 5.491ns 1.076ns 0.421ns Calial) x 48USH) x uel gal)

Dates x Density x Varieties
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Table 3. Number of spots and infection rate of Septoria tritici of durum wheat plants in response to different treatments,

measured by Assess 2.0.

Infection rate (%) (%) &b dpusi

Spots No. gl s

Treatments <:Slataall

Dates &1 gall Dates ) sall ciliay FELN

Late salia Optimum (s Late ,Alia Optimum (i Varieties Density
54 68 250 Cham 3 3 pLi alle

37 29 84 Cham 9 9 L& High

46 53 138 Cham 3 3 ol iaidiag

30 25 153 Cham 9 9 pli Low
Late Jalia Optimum Ata Late Jalia Optimum (Ate st sall Jaus sia
419 43.7 156.0 170.0 Dates average
Low dadiia High 4slle Low dadiia High 4l 48l Lo sia
38.6 47.1 157.0 169.0 Density average
Cham 9 9 sl Cham 3 3 sl Cham 9 9 al& Cham 3 3 al& Cilia) o sia
30.3 55.3 111.0 215.0 Varieties average
LSD0.05  Sig. level 4sizall s siwa  LSD0.05  Sig. level 4 sisall s siwa  Source of variance ol abas
9.580 0.499ns 105.700 0.638ns Dates KPP
2.020 <0.001*** 55.600 0.598ns Density aaul)
8.530 0.232ns 84.000 0.624ns Dates x Density AU x ael gall
19.920 0.020* 76.800 0.014* Varieties M EOAN]
20.200 0.352ns 94.000 0.410ns Dates x Varieties GliaY) x el sl
19.940 0.767ns 84.900 0.384ns Density x Varieties ity x 48ty
28.350 0.782ns 123.200 0.110ns Dates x Density x Varieties Gl x AU x e gall
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Table 4. Correlation relationships based on Pearson's coefficient of the studied traits.

Ra Gl 3 THN QO gy g SO 3 AAdidsh Gy i RIS

TKW vc\/;‘eﬁzir?t Grain No. Spill\liejtes Iiﬁiglf[?l Infection (%) Spots No.

- Spots No. &m e

- 0.72** Infection (%) 0/ dula) duud

R -0.70** -0.75** Spike length Aul) Jgh

- 0.79** -0.47* -0.43* Spikletes No. i) a3

- 0.90%** 0.89%** -0.64** -0.68** Grain No. PRI

- 0.83** 0.88** 0.71%* -0.59%* -0.54%* Grain weight Gsall 0is

- 0.75**  0.68** 0.73** 0.45* -0.48* -0.39ns TKW LadW o)

0.43* 0.73**  0.79** 0.77%* 0.71%* -0.56%* -0.47* Grain yield dpa il
ns=Not significant, *, **=significant at P=0.05 and P=0.01, respectively (Sl e %15 %5 (st die (5 ina =X K (g gina pi =g

Nebe S0 aoal) Jalea ay (sl paills Ala) dps ol ilua 8 dediisdll Zpal )l 23l s .5 Joia
Table 5. Mathematical model formulas used to calculate the progress of infection rate of Septoria tritici and the values of their
determination coefficient.

R? waail) Jalaa
Coefficient of determination R?
Lgle @hsl Ay hsl  Adiw @l

Upper Medium Lower iyl ll) dipual) dalal) dipal Al g isall
leaves leaves leaves logarithmic formula Normal formula Mathematical model
0.753 0.791 0.877 - Y =b0 + (b1 *1) Linear ohs
0.707 0.747 0.841 - Y=b0+(1*In(M))  |ogarithmic s
0.658 0.699 0.800 - Y =b0 + (b1 /1). Inverse ~Se
0.980 0.988 0.986 - Y=b0+(O1*)+b2*  oyadratic ey
t"2) T
0.820 0.988 0.985 - Y =b0 + (b1*t) + Cubic xS
(b2*t"2) + (b3*t"3) =
# # 0.961 In(Y) = In(b0) + (In(bl1) * t). Y = b0 * (b17) Compound Jahae
# # 0.961 In(Y) = In(b0) + (b1 * In(t)) Y = b0 * (t"b1) Power 5B
# # 0.965 In(Y) = b0 + (b1/t). Y =enNb0 + (bl/t)) Sigmoidal (s sanas
# # 0.961 In(Y) = b0 + (b1 * t). Y =eMNb0 + (b1 * 1)) Growth e
# # 0.961 In(Y) = In(b0) + (b1 * 1) Y =b0*(e"(b1*1)  Exponential -
# 4 0.961 In(1/y-1/u) = In(b0)+ Y=1/(Uu+b0* | ggistic ki
(In(b1)*t) (b171))) -
z3sadl g Leliia oSa Y i) =# ¢ alaall duaall La@ll =U alelli=Ln ¢z 3l culsi =b3 b2 bl b0 ¢eil =t slal) G =Y idus
=l

Y=Disease incidence (%); t=Time; b0, bl, b2, b3 model constants; Ln= Logarithm, U=Maximum critical value; #=data that cannot be
represented by the mathematical model.
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Figure 2. Disease incidence (%) of the two wheat cultivars Sham 3 and Sham 9 as measured by leaf position in the plants of the
two cultivars at late planting date.
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Table 6. The values of the quadratic model for disease incidence development of Septoria tritici based on different leaves
position level of the two wheat cultivars studied at late planting date.

Cham9 9ald Cham3 3 ala
Lgle @l Ly 3)sl Ldiw 340 Lgle 319l Abauy @l Al 3l
Upper Medium Lower Upper Medium Lower

leaves leaves leaves leaves leaves leaves
298.1 496.5 187.9 127.2 258.7 1235 *p0 Sl )
-4.918 -8.644 408  -2.865  -5.483 -3.143 b1 Coefficient values
0.02041 0.0379 0.02208  0.01567 0.02908 0.02028 b2
298.1 293.0 114.9 -385.3 -1.239 54.02 o]0] (%95) Agi 3 gas
t0 298.1 to 700.0 t0 260.9 10 639.7 t0 518.6 t0 192.9 Confidence intervals (95%)
-4.918 -11.76 -5.391 -10.96 -9.832 -4.489 bl
to -4.918 t0-5525 1t0-2.770 1t05.225 to-1.134 to -1.796
0.02041 0.02600 0.01634 -0.01603 0.01112 0.01401 b2
t0 0.02041 t0 0.04980 t00.02782 to 0.04737 to 0.04705 to 0.02655
* 0, b1, b2= Constants of the quadratic model. Ao il Wbl il 5 =p2 5 b1 <0

Al de )5l ae e 8 (X)) el g G s el el dial (Y) Giaall skt cinie cand daliall Jidad &35, 7 Jgda
Table 7. Analysis of the area under the disease progress curve (Y) for the two studied wheat cultivars over time (X) at late
planting date.

Cham 9 9 ald Cham 3 3 ald Asyaall yualiall

@l @l alus @ &gl &gl Features evaluated
dsle by Adia Ll dhay 4l

Upper Medium Lower Upper Medium Lower

leaves leaves leaves leaves leaves leaves
124 117 82 110 9 68 Minimum value of X X d g _pall dadll
145 145 145 145 145 145 Maximum value of X X A (alaall Zadl)
138 138 138 138 138 138 TopofX X8
8 25 48 34 62 78 Top of Y Y 48
140 483 1082 644 1313 2279 (B ye 825 5) i) Jand daliaal)

Area under the disease progress curve (sguare units)
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Abstract

Abdulghani, A., M. Abu Shaar, A. S-E. Shaaban and K. Rehiyeh. 2018. Progress of infection by Septoria leaf spot and
its relation with some agronomic traits of durum wheat using some mathematical models. Arab Journal of Plant
Protection, 36(3): 231-242.

The research was conducted at Settukhiris Research Station in Lattakia during 2016/2017 season to (i) study the effect of planting date
and plant density on infection rate of wheat varieties Cham3 and Cham 9 with Septoria leaf spot, and its effects on agronomic traits, and (ii)
determine the best mathematical models which represent infection rate development, and estimate the area under the disease progress curve.
Most studied traits varied significantly with the effect of studied treatments. Plants at optimum planting date produced 38.4% more grain yield
compared with the late planting date. Cham 9 variety (moderately susceptible) was significantly superior compared with Cham 3 variety
(susceptible) in most evaluated parameters. In addition, the average infection rate of Cham 3 variety (55.3%) was higher than that of Cham 9
(30.3%). Negative correlation was observed between leaf spot number and infection rate on the one hand and most other yield traits on the
other hand. The thousand kernel weight was the least affected parameter by the infection rate and leaf spot number, whereas spike length and
grain number per spike were the most affected by the infection rate and leaf spot number. The quadratic model was the best model to represent
relationship between infection rate and time. Monitoring the area under disease progress curve showed that the Septoria leaf spot progress was

higher in Cham 3 than in Cham 9 by 2.11, 2.72 and 4.6 fold in the lower, medium and upper leaves, respectively.
Keywords: Septoria leaf spot, mathematical models, area under the disease progress curve; durum wheat.
Corresponding author: Alaa Abdulghani, Department of Plant Protection, Faculty of Agriculture, Aleppo University, Syria,
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