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Table 1. Details of spraying treatments, timing and frequency of fungicides application according to
barley growth stage for the control of spot blotch
Fungicide application timing at four growth stages (according to
Zadoks scale)

TO Tl T2 T3
Early stem Node Full flag leaf ~ Flowering
elongation to formation 2-3 emergence (GS 61)
node formation 1 (GS 32-33) (GS 39
(GS30-31)
Treatments Number of Tilte Folicur Falcon Rexduo
spraying
Trl 1
Tr2 1
Tr3 1
Trd 1
Tr5 (T1+T2) 2
Tré (T2+T3) 2
Tr7 (TO+T1) 2
Tr8 (T1+T2+T3) 3
Tr9 (TO+T1+T2+T3) 4
Tr10 (Check) 0

GS: Growth Stage
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Table 2. Results of ANOVA of disease incidence and severity, area under the disease progress curve, yield and yield components in

Sahra and Yousef cultivars

Mean squares

Source of variation df  Incidence Severity = AUDPC | AUDPC_S  Thousand No. of No. of spike Yield
" S) kernel kernel in per area
weight spike
Block 3 407.22 221.6 25133.71 50321.32 5.22 1.33 22.42 7200.21
Cultivar 1 9882327 365147 9132211.42"° 328815.117°  231.447 221.24” 3002.11°  3033528"
Main error 3 99.80 73.33 23521.51 310.40 22.10 5.23 12.20 1047
Spraying treatments 9 7323.207 278.87° 4013311.117° 2214421.23" 173.11"7 68.13" 40.11" 36016.33"
Cultivarx spraying 9 262547 241207 513411407  23533.12" 11.22" 411" 2.02 33.117
treatments
Sub-main error 54 88.11 63.31 41410.23 551.32 6.20 141 1.02 20.14
cVv 8.10 8.35 9.2 8.8 5.2 6.12 2.2 11.20

* and ** Significant difference at 5% and 1 %, respectively.

g 9§ (oo a2 o8 90 10 (Sloged 4 AUDPC-1 § AUDPC-S «(S) (sslow s o(l) £489 o 38 (5l dwlin gl -V Jous
Table 3. The results of the mean comparison of incidence (l), severity (S), AUDPC-S and AUDPC-I of spot blotch

disease in Sahra and Yousef cultivars

Treatments Incidence (1%) Severity (§%) AUDPC-I AUDPC-S
Sahra Yousef Sahra Yousef Sahra Yousef Sahra Yousef

Trl 70.2a 745a 67.5a 70.2a 3148.2a 3353.8a 3708.8 a 3857.8a
Tr2 64.5¢c 70.1c 542 ¢ 61.3¢c 2662.1 ¢ 3161.3¢c 3358 ¢ 3508.7 ¢
Tr3 58 d 63.7d 43.1d 50.2d 2177.9d 2801.8 d 27025d 2951.5d
Trd 68.5 ab 73.3ab 65.8 ab 69.5ab 30125ab 3244.7ab  3625ab 3817.7 ab
Tr5 28.1f 30.2f 20.2 f 252 f 762.6 f 1104.6 f 1441.7 f 1559.3 f
Tr6 3l.1le 35.3¢e 33e 38.3e 955.5e 1894.8 ¢ 1665.8 e 1794.1 e
Tr7 62.2¢c 70.7¢c 53¢ 60.7 c 2544.8 ¢ 3170.8 ¢ 3292.3¢c 3476.8¢c
Tr8 23.3¢ 27.3 ¢ 13¢g 159 478.2 g 668.5 ¢ 1319.8 g 1460.2 g
Tr9 21g 255¢ 12.2¢g 1389 4575¢g 653.6 ¢ 1301.1g 14575¢

Trl0 check)y 72.1a 76.1a 69.2 a 72.1a 3293.3a 34825a 3790.8 a 3903.3a
LSD 2.3 1.6 1.8 19 147.5 130.5 95.2 50.5

Numbers followed by the different letters are significantly difference (P<0.05)
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Figure 1. Mean comparison of thousand kernel weight (a), number of kernels in spike (b), number of

spikes per area (c) and yield (d) in different treatments of spraying in Sahra and Yousef cultivars

i duslio —£  Jou

bow S slogs

<

33 AUDPC-S g AUDPC-I palic _sal woyd g
Table 4. Comparison of the effect of spraying treatments on the percentage decreasing of AUDPC-I and

5.5
AUDPC-S in Sahra and Yousef cultivars

g 91 e 9 08

S (%)

AUDPC

AUDPC-I (%)

Treatments

Yousef

Sahra

Yousef

Sahra

12e
10.1d

244c

22 f
114e

4.4 fg 3.71fg

Trl
Tr2
Tr3
Trd
Tr5
Tr6
Tr7
Tr8
Tr9
Tr10 (check)

9.2¢e
19.5d
6.8 f
68.3b

456 ¢

19.2¢e

28.7d

33.9d

2e

2
60.1a

f

4.4
62 ab

85f
76.8b

54 b
10.9d
62.6 a

56.1c

71c
22.7¢

13.2¢e

9e
80.8 a

65.2 a

855a

62.7 a

65.7 a

81.2a

86.1a

2.6

3.1

4.2
Numbers followed by the different letters are significantly difference (P<0.05)
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Table 5. Comparison of the effect of spraying treatments on increasing in yield and yield components in Sahra
and Yousef cultivars

Treatments Thousand kernel No. of kernel in spike  No. of spike per area Yield (%)
weight (%) (%) (%)
Sahra Yousef Sahra Yousef Sahra Yousef Sahra Yousef

Trl 18f 24 f 04d 05f 01lc 01c 2.1¢g l4g
Tr2 5.6¢ 93¢ 05d 3.7¢ 05¢c 04c 7.1f 59f
Tr3 10.1d 14.6d 2.7¢c 54d 06¢c 04c 17.3d 22.7d
Trd 24f 3.2f 05d 13f 02c 0.3c 349 3.1g
Tr5 226D 28.9b 56a 6.7b lla 09a 37.1b 415D
Tr6 18.1c 22.8¢c 35b 59¢ 0.8 ab 0.7 ab 28.9¢c 315¢c
Tr7 8.3¢e 10.6 e 05d 45d 0.6¢ 04c 10.1e 84¢e
Tr8 26.4 a 35.1a 5.4a 8.1la 1l6a 12ab 419a 44.3 a
Tr9 27.1a 359a 59a 8.1la l6a 13a 43.6a 45.8a

Tr10 (check) 0 0 0 0 0 0 0 0
LSD 2.7 15 0.5 0.9 0.5 0.3 1.7 1.6

Numbers followed by the different letters are significantly difference (P<0.05)
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Table 6- Percentage of damage and decreasing the damage, increasing in yield and profit of the
application of spraying treatments at barley different growth stages (Sahra and Yousef cultivars)

Treatments Cultivar Loss Decreased  Spraying Increased Profit of Economic
(%) loss (%) costs" (b) yield increased profit (a-b)
(Kg/h) yield %(a)

Trl Sahra 289a 1l4g 66000 62.5f 64375 -1625
Trl Yousef 304a 1f 66000 40.7 f 41921 -24079
Tr2 Sahra 25.4h  49e 135000 211e 217330 82330
Tr2 Yousef 27.3b 4.1le 135000 167.8¢e 172834 37834
Tr3 Sahra 16.4c¢ 13.9d 167000 590.8 d 605824 441524
Tr3 Yousef 158¢ 15.6d 167000 638.8d 657964 490964
Tr4 Sahra 28a 2.3 ef 237000 100 f 103000 -134000
Tr4 Yousef 29.9a 15e 237000 87.8f 90434 -146566
Tr5 Sahra 45e 25.8b 302000 1092.8 b 1125584 823584
Tr5 Yousef 29ef 284D 302000 1167.8b 1202834 900834
Tré Sahra 10.2d 20.1c 404000 849.8 ¢ 875294 471294
Tré Yousef 9.7d 216¢ 404000 887.9¢ 914537 510537
Tr7 Sahra 23.3b 7e 201000 298.5¢e 307455 106455
Tr7 Yousef 256b 5.8e 201000 238.9¢e 246067 45067
Tr8 Sahra 1.2f 29.1a 539000 1233a 1269990 730990
Tr8 Yousef le 30.3a 539000 1246.8 a 1284204 745204
Tr9 Sahra - 30.3a 605000 1284.1a 1322623 717623
Tr9 Yousef - 3l4a 605000 1290 a 1328700 723700

Tr10 (check) Sahra 303a O 0 0 0 0

Tr10 (check) Yousef 314a O 0 0 0 0
LSD Sahra 2.3 2.3 53.2
LSD Yousef 1.8 2 70.5

1- Sparying costs includes cost of sparying equipments plus fungicide price
2- Profit of increased of yield calculated with 1030 tomans.
Numbers followed by the different letters are significantly difference (P<0.05)
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Figure 2. Disease progress curve of tan spot in Sahra (a) and Yousef (b) cultivars in response to spraying
treatments at four-timing, TO (early stem elongation to node formation 1), T1 (hode formation 3-2), T2
(the full emergence of Flag leaf) and T3 (flowering). This curve was drwan based on the severity of leaf
area infection from node formation to flowering. In the vertical axis, the numbers on the left represent
the number of the infected leaves and the right number represent the disease severity. The numbers 0 to
49 (fourth leaf), numbers 50 to 79 (two leaves below flag leaf), numbers 80 to 89 (flag leaf).
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Abstract

Background and Objectives

Spot blotch (Bipolaris sorokiniana) is one of the most destructive leaf diseases that causes
significant damages to barley during epidemic periods. Fungicide application is a rapid
control practice for this disease during epidemic periods. Several fungicides have been
proposed for controlling spot blotch, but these fungicides are effective if they reduce the
disease pressure on important plant leaves, especially flag leaf. The results of fungicides
application at different growth stages of barley are inconsistent, and also there is no
comprehensive study on the timing of fungicides application for controlling this disease in
Iran. Therefore, the present study was designed to determine the appropriate timing of
fungicides application at four growth stages of barley to decrease the disease pressure on the
upper leaves of the plant, the timing of spraying on reduction of disease damage, and to
increase yield and economic profit.

Materials and Methods

A field experiment was conducted in a split plot design with four replications. The main and
sub-main factors of the experiment were cultivars (Sahra and Yousef) and the spraying
treatments, respectively. The common fungicides (such as Tilte, Folicur, Falcon, and
Rexduo) were sprayed at four timings including, TO (early stem elongation to node forming
1), T1 (node formation 2-3), T2 (the full flag leaf emergence) and T3 (flowering). The
spraying treatments were selected as once, twice, three and four times spraying that were Trl
(once spraying at early stem elongation to node forming 1), Tr2 (once spraying at node
formation 2-3), Tr3 (once spraying at full flag leaf emergence), Tr4 (once spraying at
flowering), Tr5 (twice spraying at node formation 2-3 + full flag leaf emergence), Tr6 (twice
spraying at full flag leaf emergence+ flowering), Tr7 (twice spraying at early stem
elongation to node forming 1+ node formation 2-3), Tr8 (three times spraying at node
formation 2-3+ full flag leaf emergence+ flowering), Tr9 (four times spraying at early stem
elongation to node forming 1+ node formation 2-3+ full flag leaf emergence+ flowering) and
Trl0 (check). The efficiency of spraying treatments was evaluated one week after the last
spraying by determining the index of disease (e.g., incidence and severity, area under the
disease progress curve, AUDPC) as well as comparing the yield and yield components.
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Results

The results of this study showed that treatments with more than once spraying from the node
formation 2-3 to flowering stages (Tr5, Tr6, Tr8 and Tr9 treatments) could decrease the
values of AUDPC-I between 76.8-86.1% and 68.3-81.2% in Sahra and Yousef cultivars,
respectively, whereas the values of AUDPC-S decreased between 62-65.7% and 60.1-62.7%
in Sahra and Yousef cultivars, respectively. The highest percentage of yield increase was
observed in the treatments with more than once spraying from the node formation 2-3 to
flowering stages, which was more than 37% (1092.8 to 1284.1 kg/ ha) and 41% (1167.8 to
1290 Kg/ ha) in Sahra and Yousef cultivars, respectively.

Discussion

In both cultivars, the comparison of economic profit showed that Tr5 treatment (node
formation 2-3 to flag leaf emergence stage) not only decreased the disease severity, but also
increased the yield. It also reduced costs and had the highest economic profit compared to
other spraying treatments (Tr6, Tr8 and Tr9). According to obtained results, the treatment of
Tr5 (twice spraying at T1+T2 timing) was the best timing of fungicide application for the
reduction of the disease pressure and the increase of yield and economic profit.

Keywords: Spot blotch, Bipolaris sorokiniana, Spraying treatments, Growth stage, Barley
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