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Table 1. Effect of chemical and biological control on the disease severity and infection rate of early blight on potatoes.
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Values followed by the same letters in the same column are not significantly different at P=0.05.
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Table 2. The effect of chemical and biological control of early blight on the foliage and leaf area index of potato plants.
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345a 8438.75 a 5.99b 14629.54 b 3.09 ab 7541.66 ab cyazofamid
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Values followed by the same letters in the same column are not significantly different at P=0.05.
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Table 3. The effect of chemical and biological control of early blight on potato tubers measurement and proportion of different

sizes in total production.
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Small tubers <35 g Medium tubers 35-80 g Large tubers >80 g
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production plant (g) production plant (g) production plant(g) Treatment Adalaal)
1495a 61.45a 17.26 b 70.95d 67.77d 278.48 f  Control 2l
9.23b 54.38 b 2191b 129.08 b 68.85d 405.54d  cymoxanil + mancozeb
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4.70e 35.85¢e 21.05b 160.60 a 74.24b 566.28 a  Bacillus subtilis
7.64d 50.77 ¢ 15.07 be 100.06 ¢ 77.27a 512.86 b  Beauveria bassiana
8.34c 55.82 b 19.82b 132.66 ab 71.83¢c 480.75c  Trichoderma harizianum

Values followed by the same letters in the same column are not significantly different at P=0.05.
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Table 4. The effect of chemical and biological control of early blight disease on tubers number and total and marketable

production.
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Marketable production Total production a5 al ¢ gia ealad/ds
G ZEY e % (&) pise . L,yg Average of tuber

% of total (&S) aiso Donum (&) < Average of tuber number i

production Donum (kg) (kg) plant (g)  weight g/tuber Tubers/plant Treatment Adalaal)
86.03 ¢ 1552.014 f 1803.83 f 439.96 f 67.48 d 6.52¢ Control LS
90.77b 2191.942d 2414.73d  588.96d 80.46 c 7.32¢ cymoxanil + mancozeb
90.46 b 1791.741e  198066e  483.09e 62.10e 7.78 b cyazofamid
95.30 a 2980.208a  3126.94a  762.67a 93.47a 8.16 a Bacillus subtilis
92.00 b 2393.621c  260153c  634.52¢ 93.45a 6.79 d Beauveria bassiana
91.66 b 2514.981 b 2743.76 b 669.21b 86.35 b 7.75b Trichoderma harizianum

%5 Jlaial Lo ie (5 sine (38 L a5 Y s 3 ganll 8 ABlaia (o jal Lgaty ) adl)
Values followed by the same letters in the same column are not significantly different at P=0.05.

doalu) sabyg canlsll ilull =) saby by cclipall A lgaian,
Awan & Shoaib, ) Tilu s il go 3l 1305 cdald) an
ol WS .(Lal et al, 2016 ¢Duarte et al., 2012 ¢2019
ClanaS daadiually A28l CWKH 50 ) (2013) Keunen etal.
Wlsine 5313 DA (g duayaal) lpsall o i) Glan 8 g
Oe lalgine salyy DglAll joall e Babyy chuag Il (a

528y Clalias

Ul e b dygaally Auibasl dadlSall jualie any il
gaadl) 7 U dygial) daadlly Y AsaSy Lgiig dacusiag
Loatiall Aigaally Aobasl) ol o0 (4 Jsan) gl ol
Slbs 8l Andll) i ye ALY e W el e 31 b
Bacillus dlalee gy 38 . Aguilly S ZU0Y) 4 Cpueas
Gyl 2 Jawgie Eua e claled) Lk e Lsies subtilis
1.64 5Ly cclgfisy 8.16 by caalgll clall o Al
cyazofamid = Jllae @b calill el g ly/din
caly/dyn 7.75 7.78 Legin gsine 3% s T. harizianum s
&by B. bassiana dlelee 3zl g8 oIS cpn 8 gl e
Llfdi) 6.79

Al @l Oy e deadiad) clasad) i (el WS
Bacillus subtilis jilalea (e JS cisnn a8 dllee IS G
Lyl (g Jamsgie dlig codlalaal) 4 e Usina B, bassiana s
T. harizianum dlalee Legili ¢ Jgll Je $93.45,5 93.47
& A5l sl Jaea 81 S5 ¢Bacillus subtilis ¢ 86.35 cila
bl L) ¢ Ul il cjell WS¢ 67.48 ilis aalal) dlala

LIS Aa i D lipall ams (e A5l 038 A dasliass
Aelaa b OIS Baugiall @l e gl el of cps bl
Alia oS5 Al s (B ogsine Byg %31.07 4wy cyazofamid
Cun e Ll Ll ltan ey cBlalaall Lk G Lgine (398
Coelal 38 ccnlall BISH L) o Lgiansiy Spsaall iyl O
by 0Ll dlles O gt z ) el of o3 Jsan) gl
Alalee 8 anall 138 (g Baalis) 8 cilS a8l 61.45
Oe anall s A U «i/$35.85 <lSy Bacillus subtilis
Alalee 3 %14.95 caly s (lall L) Laliy] e U
9.54 L g Cngli Al Clalaall 4y (i digian (950 LAY
-Bacillus subtilis lslaa & 4 8 il Gua %4.70
& \)ls s gially Sl lipall (g aleds) (A o) (o
dalie (alins) ) 2lal) dldes 8 Bpieall il saey (g
Lildy 35Sl Aadll) (mpes LYl gl dags )l mlaval
aalsl) clil) daal) o (uSais Lo 35S0 Bygaan (3sY) i
¢Landschoot et al, 2017) <ljall (igy ans  mladil
Bl wlpall gy el oS cps & (Singh et al., 2015
Bacillus subtilis Cusesl) Gpadl Jlelae (B dlawgialls
Aadll lall daglia A Laayel dila) 4 Cus (B, bassianas
Loatin DA (e el 1) Bl A S il Lagd OIS 38 (3Kl
Lsn 8 sy caaale lly ol Jals dangloridll cilblaad)
53l ) (sl Lea ol e g Y1 Galiaial 83135 ¢ gpuadll gail
Jaes 534 o apn 130 selus (Bl mhsddl sy dalis
@15 L ¢ gall Qi) Jana 5alys davedl) 4adY) (pe 53y
Ly (3hs¥) & Aniad) dihuas Sl slsall zl) 8l aa
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Lsina CpuilasSl Cpaall lalas cigin 38 ¢ oLiall (ya iyl (ggina
13.80 by cclipall 3 oLl A Cun o S llaal) 4 e
«(cymoxanil + mancozeb) 5 cyazofamid ( I %13.32
sLtall daus 81 il (pn (A cLogins dugina (398 (99 ¢ sl e
Lot g Ul s (S 385 .%10.62 caly Al 2alill dlales B
chaall Jilyg dalie of ) cilelaal) oyila 3 eLially dalal) 5ol
Jaee by by ccDlabaall Gy &jlae ol LegalS 8 3
1 g driamal) 451250 S0 gl 5] 3 Lo ¢ gunll il
Shasl Sl e 3l Jully il G gasasy Ll
Blall 5alall Ay Leal) 508 Jali ¥ A8e dufya ik Ll pall
clagia (I (R=-0.7) B Ll Ao Wil s iyl b oLl
dalue e 55 lly oSl dadlll L) sad ey L
Aglas 505 pe 130 (355 gl 03n Apasi il LS ¢ 301 xlanal

-(Leiminger & Hauslanden, 2007)
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Table 5. The effect of chemical and biological control of
early blight on dry matter and starch content.

Apusd Jans gla Lo boua gia
(Yo) Laill (%) 48Lad) 3l
Average of Average of dry
starch content  matter content )

(%) (%) Treatment Adalaal)
10.62b 16.40b (Control) KT
13.32a 1943 a cymoxanil + mancozeb
13.80a 19.97 a cyazofamid
11.43b 17.31b Bacillus subtilis
11.78 b 17.70 b Beauveria bassiana
1091b 16.73b Trichoderma harizianum

e (5 sina (3% e a0 Y duad 3 ganll & A8l Cojal Lgaiy I i)

%35 Jaial dpui
Values followed by the same letters in the same column are not
significantly different at P=0.05.

o il sag o el e 4 i Wl
Bacillus subtilis 4uhall oda & 5yisall digall il
ll sl e 3l Al 4wl kLS Beauveria bassiana s
o Al b A8kl clapd) plasni) adss 3 aadl 59
Aadlll Gape AlaY! Ll e a8 JelSid) Laaysaly ciga
Gl Ll L Yy «9)al dga o pulalladl/alladl e 5,5l
Tegis WS zmYl cpuas e aelis
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Ualasy 23 lae Lgaally Lglasl) lanally dlalaall b/ UsUal
634.52 ¢669.21 762.67 wlill | Jugia ilg caalll
bl @lsfe 483.09 5 588.96
(cymoxanil + mancozeb) <B. bassiana «T. harizianum
Jgag e c2a LAl /8 439.96 gLl ¢ gl e ccyazofamid
COlalaall daball Bang daali) by Llgie IS (n dusine G
241473 2601.53 2743.76 312694 <A dal.
2i5y/aS 1803.83 il s (& ¢ Mgill e 0155/2<1980.66
Lalal) dlales <
Coell ((Alavsio + 8BS iy Ggedl) £ U daally L
G Agall Gl cBlalae b OIS g bl el of bl
p9faS 2393.621 5 2514981 2980.208 s
= «B. bassiana s T. harizianum «Bacillus subtilis <:Dlalxall
ZEY) e ciipndl Lo il clgin Las Ausins Gl ¢ s
<10.77 a3 5Ly gl e %66.91 92 95.30 ¢ <l
& il Y Al s cali) dlas e %6.54 6.93
Ll Clasl  ilalas
e Asill e <a193/3< 1791.741 5 2191.943  cyazofamid
dbae (e %15.44 541.23 Wa)ss 53ljy lagin dugina (B9 b9
ekl WS L 2353/3 1552.014 G gusl 4] caaly Cum 2Ll
Bacillus subtilis (gsall auall dlales culS Alalas Jumdl o il
it ooy ) 138 (s cdusgpaall Ayl uled BIS
alatis «(Awan & Shoaib, 2019) cilal) Jala daa ol sandl) cililaal)
-(Peters et al., 2008) lall i cpliy) ligiue sty Siliga gl

«Bacillus subtilis

(cymoxanil + mancozeb)

BiSeal) Aalll asal Augsally Lafbas) AablSal) jualis s il

it/ Usllasl) iyl A gil) cpdigall Gars
gandll Llo Kl Anilll (e Lggaly 3l bl e Y
Sl S 8 Ll g 30 cad aliYly (gl
(5 Jsas) gl eyl . (Shahbazi et al., 2010) daslll ulijall
B. bassiana <lleall dilall sl das & Lsina Lualeas)
17.31 «17.70 <xl 3 (T. harizianum <Bacillus subtilis
calall dalas (4 %16.4 e 2kl (sl Je %16.73 5
Onibakll cpandl aleee 3D sl A el culs
19.97 <dauy (cymoxanil + mancozeb)s cyazofamid
J8 culS oo B clagin Bplls Ggsbs (sl e %19.435
e 138 el 385 ¢(%16.40) 2alal) Alebes 3 Zila) salall Ao



Abstract

Shaabo, A., N. Deeb, M. Mufleh, R. Zaydan, A. Haj Hasan, L. Adra, A. Askriyeh and N. Sakkour. 2022. Effect of
Chemical and Biological Control Components in Protecting Potatoes from Infection with Early Blight Disease Caused
by Alternaria solani and its Impact on Growth and Yield. Arab Journal of Plant Protection, 40(4): 325-333.
https://doi.org/10.22268/AJPP-40.4.325333

This study was carried out at Alsonawbar Station of the Agricultural Scientific Research Center in Lattakia, Syria during the spring of
2021 to evaluate the effect of different treatments for the control of potato early blight disease, and their effect on plant growth and potato yield
and quality. Six treatments were evaluated: two chemical pesticides: Ranman 20% SC (cyazofamid), Moximate 50% WP (cymoxanil +
mancozeb), three biological pesticides Bacillus subtilis, Beauveria bassiana and Trichoderma harizianum, in addition to the control. Results
showed that Ranman treatment was superior, as it led to reduction of 20.18 and 5.61 % in disease severity and infection rate, respectively, two
weeks after treatment, with a decrease of 25.80 and 20.46 %, respectively, compared to the control. With the same treatment, the leaf area and
leaf area index reached 8438.75 cm?/plant and 3.45 m?/m?, respectively, with an increase of 4827.75 cm?/plant, and 1.97 m?/m? over the control
treatment. Results also showed the superiority of Bacillus subtilis treatment in terms of tubers number, tubers weight, yield, and the proportion
of marketable yield which reached 8.16 tuber/plant, 93.47 g/tuber, 3126.94 kg/donum, 95.30% marketable yield, respectively, which
represented a reduction rate of 20.09%, 30.99%, 42.31%, 9.72%, respectively, over the control treatment. In addition, results showed that the

highest dry matter and starch content was obtained in response to the chemical pesticides treatments.
Key words: Alternaria solani, potato, chemical control, biological control, production.
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