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Table 1. Isolates of different microorganisms used in this study.

Ada 4 g jaall Ja gl A jad) sl
Source suaal)l  [solation source Species hame £ 5 am) Isolate code
A8 4y all dsdlSAl) S e Soil 4Lyl Trichoderma harizianum T.L.C.
Biological Control Center, Lattakia
Blas 4y gall An8SA) S e Soil 44 Trichoderma harizianum Toso
Biological Control Center, Hama
ohdll G s o) (A pall AsdlSall jda Cotton residues (sl ksl Trichoderma sp. Twood
Biological Control Laboratory, Cotton  Cotton aphid (il (e 3 4 Aspergillus sp. Asp
Research Administration Cotton roots okdll s Bacillus sp. B.bacteria
Bosnhia Lawgll  Soil 44l Bacillus subtilis B.S.
AW Gy S e Soil Lyl Lecanicellium lecani B
Lattakia Research Center Soil 4yl Beauveria bassiana K
Commercial isolate i laid e Whiteflies ¢Landl LA Beauveria bassiana GHA
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Table 2. Coexistence rate of microbial isolates in different plant parts of cotton variety “Aleppo 118”.

In different plant parts 4dlidall 450 ¢ JaY) Hada bl ¢ 83 ¢l Gaa >N ad)
Leaves (3. ™ Stem (aled) Roots Jgdall In any plant part Isolates*
17.13¢ 15.24 bc 57.50 a 57.50 bc T.L.C.
8.75¢ 7.24c¢C 34.80¢c 34.80c Toso
15.26 ¢ 8.53¢ 53.10 ab 53.10 bc Twood
66.11 ab 27.58 abc 4548 b 75.08 ab Asp
27.28¢ 12.06 ¢ 38.80 bc 38.80¢c B.bacteria
54.32 b 25.29 abc 48.04 b 60.20 bc B.S.
78.84 ab 38.22 ab 57.14 a 81.40 ab B
86.54 a 42.82 a 46.87 b 88.70 a K
90.40a 45.87 a 54.42 ab 92.90a GHA
0.034 0.031 0.041 0.031 Fpr
24.40 24.40 8.40 24.40 F
24.70 24.80 8.81 24.80 LSD.
72.80 48.28 24.80 43.30 CV%

B.bacteria <Aspergillus sp. shill ce A e Asp <Trichoderma sp. bdll (e e Twoog <Trichoderma harizianum _bdll (e &Y je Toso 5 T.L.C. *
Jhill e @Y e GHA 5 K <Lecanicellium lecanii kil ¢ 3B Bacillus subtilis LSl e 3B, S. «Bacillus sp. (x4 i 4 e

.Beauvaria bassiana

%5 Jlaia) dic (5 sine (38 Lt an 5 Y aal gl 3 sanll 8 Lgasdi Cigally de siial) adl)
*T.L.C. and T950 are isolates of the fungus Trichoderma harizianum, Twood is an isolate of Trichoderma sp., Asp is an isolate of the fungus
Aspergillus sp., B.bacteria is an isolate of Bacillus sp., B.S. is an isolate of the bacteria Bacillus subtilis, B is an isolate of the fungus
Lecanicellium lecanii, K and GHA are isolates of the fungus Beauvaria bassiana.
Values followed by the same letters in the same column are not significantly different at P=0.05.
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Figure 2. Effect of different periods after inoculation on
coexistence between strains of microorganisms’ isolates and
the cotton plant.

bl sl j9d> Job e WY Aphy cijal) (ilas
CNV3all Aglan) AV (63 (sina Ll 25m5 (3 Jsan) bl ]
«(Fpr. = 0.006) alaleall 2ey hadll iyl jsda Joha & Adhad)
O o Lall dlalea o Lgte Jolal cDlalaal paen 3 sdall cuilS
Jlshl Cingl i et 4 9.92 0Ll dlalas & gaal) Jlshl Jaussia
e 12,725 11.56 ¢ Lo cDlad) 3 sial

il sis Jlshl 3 (sgine 550 il 2 WYY gL IS5
Lglaall e oA (il diyla culael L (Fpr. =0.006) (slal
Jsh el (gpumsll (olly LWiba dgladll ol Cales Ay
calaef Loty clgin Lo digina (3958 (33 (pas 12.79-11.66) sl
(e 11.1) Lsdall Jola 81 40,000l A pdadll N3ally bl sk
goanall Ghys ABslaall e Hodd) Calas alalae (o (grine (i
.Gpadll

Gradll goanall glii) Ao WY Ak ciall Gl S

Oladl) bl
G Al call (gyiea il 3sas Y (3 Jsaa) bl
.(Fpr. = 0.039) Alebeall axy (ylall ol (5pumdl) g genall ¢ i)
Oolalaall aes G digine 398 2939 pde Loyl Gl cuy

19 Arab J. Pl Prot. Vol. 40, No. 1 (2022)

Ol ol e gWY) S Gpdaatl) by WY Aihk

Ol Gl pa cNal)
Ailaa) ANy Gl s 8 NGl clal) # ) Gk ol
Liba dglaall sl caey Y1 iyl cadl (1 JS8) dasina
Gl Ayl 135 ¢ tulaall i el gt W dglaall pe )5l
L b Ll Baadl el Alid) Ayl ol Ly ol

100
90 a
a
80
o 70
®
3 e 60 b
£
j & 50
X 2
s 40
§ (e
30
20
10
0
Ao glae e s Agla s calas BTN -3) 4.
Coating unshaved seed Coating shaved seed Spray Irrigation

B eLal) @Yyl oW Ak
Planti lati hods with micr

8l and il s Y el Gl & il il 1 84
Lot am 0 Y iyl udi LB 8 g 1 ol Adliadl) YD G330,k

5 Juial die (g sina (558
Figure 1. Coexistence rate between strains of microorganism
isolates and cotton when using different inoculation
methods. Values marked with the same letter are not
significantly different at P=0.05.
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Table 3. Growth power measurements on cotton plant variety “Aleppo 118 inoculated with beneficial microbial treatments

compared with control plants.

Growth indicators saill <l _sisa

cilad) ¢l bl s g saxall b
(®) @l (€) =l () g3 (o) S s ) A
Seedling dry Seedling fresh Seedling foliage Seedling root Germination *a jad)
weight (g) weight (g) length (cm) length (cm) rate Isolates™
9.797+1.46 abc 12.79+1.78 bc 26.39+1.210 abc 11.5640.60 ab 76.67 ab T.L.C
10.548+1.10 abc 14.00+1.31 ab 27.28+1.23 ab 12.47+0.59 a 76.67 ab Toso
10.033+0.90 abc 12.57+1.13 bc 28.97+1.05a 12.72+0.69 a 96.67 a Twood
9.508+1.39 abc 12.72+1.73 bc 28.81+0.97 ab 12.31+0.61a 80.00 ab Asp
10.388+1.02 abc 14.18+1.21 ab 29.81+1.19a 12.47+59.00 a 73.33 ab B.bacteria
8.602+0.80 bcd 11.33+1.15¢cd 28.64+1.23 ab 12.31+0.60 a 73.33 ab B.S
11.031+1.13 abc 15.63 £1.69 a 28.58+1.27 ab 12.0840.54 ab 70.00 be B
8.887+0.95 bcd 12.33+1.26 bc 26.61+1.50 abc 12.06+0.66 ab 83.33 ab K
11.929+1.45a 14.93+1.84 ab 27.75+1.49 ab 12.47+0.77 a 90.00 ab GHA
6.704+0.55d 8.96+ 0.67 e 25.14+1.08 ¢ 9.92+0.52 b 50.00 ¢ C alill
0.038 0.003 0.039 0.006 0.007 Fpr.
2.64 451 2.62 3.96 2.96 F
2.648 1.981 3.506 1.21 20.68 L.S.D.
43.3 31 415 35.2 23.1 CV%

B.bacteria <Aspergillus sp. okl (e A Asp <Trichoderma sp. kil ¢ A e Twood <Trichoderma harizianum _kéll ¢ &Y 3 Toso 5 T.L.C.*
Jhill (e &Y e GHA 5 K <Lecanicellium lecanii kil ¢ 4 3B «Bacillus subtilis LSl (e 43e B.S. «Bacillus sp. = 4 4 e

.Beauvaria bassiana

%65 Juaia) ie (5 sine 38 Lk 3 s ¥ 2 gl 3 sl (8 Lwsii gyl Lgas ) o8l
* T.L.C. and Toso are isolates of the fungus Trichoderma harizianum, Twood is an isolate of Trichoderma sp., Asp is an isolate of the fungus
Aspergillus sp., B.bacteria is an isolate of Bacillus sp., B.S. is an isolate of the bacteria Bacillus subtilis, B is an isolate of the fungus
Lecanicellium lecanii, K and GHA are isolates of the fungus Beauvaria bassiana.
Values followed by the same letters in the same column are not significantly different at P=0.05.
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Table 4. Growth measurements of cotton plant variety “Aleppo 118 inoculated with beneficial organisms using different

inoculation methods.

Growth measurements sail) il _pdi'sa

330 &3 3ol 3y gl g ganall Johb 3 el Jia Jsh
(&) < (&) b (p) I atll ()
Seedlingdry  Seedling fresh Seedling foliage Seedling root )
weight (g) weight (g) length (cm) length (cm)  Inoculation method ey 4ayk
12.759+0.62 a 12.68+0.76 b 27.33£0.68 a 12.79+£0.34 a Coating unshaved seed 48 daa e sl Calas
9.805+0.95 b 16.76£1.23 a 27.30£0.87 a 11.66+0.49ab  Coating shaved seed Bglaa s calas
7.289 £0.44 ¢ 10.01+0.55 ¢ 29.16x0.70 a 12.59+0.33 a Spraying 'S
9.117+0.43 b 12.32+0.78 b 27.60+£0.64 a 11.11+0.35b Soil watering gl Ale
<0.001 <0.001 0.052 0.006 Fpr.
11.55 11.55 4.65 12.31 F
1.875 1.875 1.879 0.779 LSD
37.6 37.6 31 35.2 CV%

%65 Juial Sie (5 sine (38 Lt 2n 50 Y 2l ) 3 sanll 8 Lgasii Cag yal) Lgas 1) o)
Values followed by the same letters in the same column are not significantly different at P=0.05.

(F=13.02 «LSD= 20.91cV%= C42.6) <lill Gyl canas A
Aoyl Alelead) cblall e LA A8US caly G ((Fpre.001
Ll WY Ls Aslaall oadly dslaall p daslaall Hohll Calas
(Ghe¥! Sl Ly iYL dlaeall bl (e digins 3oy Wbl
LA Glyen Jaee OIS zaldl e aalal) e (8 culS GlliSy

JA8)sll/as ) 80.37 bl ddyy e

aaliall

Ol s o aasiia) 3iall Al ) el il s
Posada ¢Parsaetal., 2013) clall ae dxdlill dadal) Lal) ClBIS))
il e 138 G8lgng «(Tefera & Vidal, 2009 ¢et al., 2007
Wall il s el calS Cun el (B lgde Jiaaal
ulS Ly %92.9 caly Ally B. bassiana hdll sxilall GHA
Aaylal o LS (T, harizianum hill 5x5lal) Teso dlj2ll %34.8
¢Posada et al., 2007) <l e el Flas LTS &y
Of 2as Gas (Ll & w138 (380505 «(Qayyum et al., 2015
b ae Alae 56l SR culS 2ol sleddl (30 2 WY A2k
L ol ) eplal @ gal duhy G V) deasind) gkl
sl Glaalls Y1 Aaphal Gy (iuleall Cas o Rigina ClEg b
Al ) Callay @3 e (Tefera & Vidal, 2009)

iy
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Ol (B (gsina Bl Aabadl AN gl G bl o lal
Do) Calas Alalea ciiging ((Fpr<0.001) ohadll cblal cabal
ol Alelea 8 (s ¢ 16.76 cialiy cOlaleall & o d3gladl)
lelae G disine Gopdll (S a1y £ 10.01 by Bl (310
@bkl o it clal i Glaully digaa) e sl Calis
ohill clblal Glall Oyl B (giee Lib ddbad) WY
L o Al e o) Cali dlalea cidsi L (Fpr<0.001)
il Bl Gl dlles Jily 12759 by cleled)
glaall Honll Calas alalee Gn digine Go Al OS5 ol ¢ 7.289
Ll
Al Alay) AUS o p@Y) kg o) Gilad il
obdll ald Ao sl
S o dugine dlias) AN (65 cplis 3935 (3 JSE) bl X
Gt ) eliandl AL A8US 3 ol s e dabiaall <Yal)
(F=13.34 =2550.8.D. L«CV%= 40.2) <l Gyl
il bl e el 4L LES caly Gus ((Fpre.001
e L)l dgins Ailian) AN el culSy ¢dyg/4 )5 172.75
> Asp> Toso > GHA >K > T.L.C c¥iall cias Lo ecYial)
@l 48y, e LA @l Jaee b daidia A86S Blpgceria
89.17-607.25 a9y Caagliiy clein Lad disine 358 O
RIVESES

Ligine dflian) ANS (63 Lib 2 (4 US3) @l @
slomnll LLA BES e 228 elall) e clilall o &) ikl



o3 8 lgle Jomaiall miliil) o G5 30 clgiipad e dpla
Lo e Gl 33lss 32 Aspergillus sp. hdll Ayl dually ()l
kil e e 5l )il s (2014) Seye et al. s34l
LS ¢(Acyrthosiphon pisum) «YWLll (e 4adl<a & Aspergillus
(Aphis gossypii) ol (e Byda (g Alghee deddiivall Ajal) o
8yl el ALl AHES G e Liias) il e Ll (38050 Lo

& Lys3s Trichoderma spp.d) il I s ciladys 45
Glall 3185 ((gpumall g anall £ lis)) ¢ jiall Jsk) clall sai 52l
(Hermosa et al., 2013 ¢Garnica-Vergara et al., 2016) (shs
gseaal g0y il b Cam (e Wl 5 e 35y Vaag
oo NV ableblfendl g s of LS gl
S slanll LGN 436S awas ) gl % Trichoderma spp. J
«(Menjivar et al., 2012) dleledl e cblally d3ke Coall
U dsaldl hall cbls ve G800 G auEa Al culS,
e ohadll @ls dleay cadaill aalug Trichoderma spp.
Cua (e Lialyo 23l aa (38lgn 14y «(Gurulingappa et al., 2010)
L4350/ elandl 4,041 481

Jsk) blall sai jins A )0 B. subtilis 3 LS et
«Goswami et al., 2016) (gradll goanall gli) «,3al)
(Sharaf-Eldin et al., <\l &e w3, «(Hashem et al., 2020
LS e i Ll LS e Jeaniall linil ae 138 dl505 2008)
daglaall myatg ¢(Zehnder etal., 1997) Hball s e & ydal)
Gl b degyial Bevdl i sl ZLAN o) dlead
Gy il P e o JBall Jaw Jad ((Hanafi et al., 2007)
cllsay! i B. subtilis 3 LSy Arabidopsis (s sl Y
celiandl £l Gy B ()0l janl) s calaini 8 A lial
«(Kempema et al., 2007) Jata) Js¥) jaad) 3 ek ol cpa
slianll BLA cilysa ekt e bl a0 Ll sn ey LS
s e 3 LKl Ly O e D «(Zarate et al., 2007)
LLA (g))ae dgny e aldy (EY) aey UGN t},m‘ﬁ\ LRSI
el ASaa bl ) e ey calall e slianl)
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Figure 3. Effect of different microorganisms’ strains
associated with cotton plants on average density of the
whitefly (nymphs/leaf). Values marked with the same letter
are not significantly different at P=0.05. For isolate names,
please see Table 2.
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Figure 4. Effect of different inoculation methods with
beneficial microorganisms on average whitefly population
density on cotton (nymphs/leaf). Values marked with the
same letter are not significantly different at P=0.05.
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Abstract
Al-Eisa, Z., M.N. El-Salti, M. EI-Nabhan and A. ElI-Jomaa. 2022. Effect of Coexistence of Bacterial and Fungal Isolates
with Cotton’s “Aleppo 118” Variety in Improving Cotton Growth and Enhancing Cotton’s Resistance to the Whitefly
Bemisia tabaci (Genn.) by Using Different Inoculation Methods. Arab Journal of Plant Protection, 40(1): 15-24.
https://doi.org/10.22268/AJPP-40.1.015024
In this study, four methods of inoculation were used to assess coexistence of microorganisms with cotton plant: seeds coating (chemical
shaved / unshaved), aerial spraying, irrigation and their effects on germination, endophytic symbiosis, growth parameters, density of whitefly’s
population density. For this purpose a number of bacterial and fungal isolates were tested (3 isolates of Trichoderma harzianum (Twood, T.L.C,
Tos0), 2 isolates of Beauveria bassiana (GHA, K), 2 isolates of Bacillus subtilis (B.s, B.bacteria), One isolate of Lecanicillium lecanii (B), and
one isolate of Aspergillus sp. (Asp)). Propagation of these isolates were conducted. Fungal isolates were propagated on burgol (cracked wheat),
whereas bacterial isolates were propagated in Petri dishes contained NA medium, then suspension concentration was adjusted to 1x108 cell/ml
for bacterial isolates and 1x106 conidia/ml for fungal isolates. Seeds of each treatment were planted in pots with 3 replicates per treatment, in
addition to a control treatment. The results obtained showed that there was no significant difference between control and each of other
treatments in germination rate, whereas highest coexistent rates were recorded for GHA, K, B, Asp isolates in all plant parts. Also, there were
significant differences in roots length, foliage height, dry and fresh weight between Twood, B.bacteria, GHA, Tos0,Asp, B.S. treatments and control
treatment. Inoculation with the isolates T.L.C, K, GHA, Tgso, Asp, B.bacteria produced low densities of whitefly’s nymphs per leaf. Finally,
shaved and unshaved seeds coating and soil irrigation methods produced low densities of whitefly’s nymphs compared with the spraying
treatment and all inoculation methods used had significant differences with control treatment. Microorganisms used improved cotton growth
and decreased whitefly population density. This approach can be used as a component in integrated pest management programs for cotton.
Keywords: Beneficial microorganisms, growth parameters, resistance, cotton, whitefly.
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