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The role of bacterial inoculation with three types of PGPR bacteria in
improving soil fertility, stimulating tomato plant growth, and mitigating the
impact of the Botrytis cinerea.

Mohammed Salman lbrahim?®, Prof. Dr. Yasser Ali Hammad?, Dr. Ramez
Mohamed EI-Shami®, Dr. Hassan Youssef Hussein*, Dr. Issam Mahmoud
Assem Khadija®

ASTRACT

This study aimed to evaluate the role of bacterial inoculation with three types
of bacteria Frateuria aurantia, Bacillus megaterium, and Rhizobium
leguminosarum in the presence and absence of infection with Botrytis
cinerea, and its effect on improving soil fertility, increasing tomato plant
productivity, and stimulating resistance to the fungus. This was achieved by
studying soil NPK content, leaf total phenol content, peroxidase enzyme
activity, and salicylic acid levels. The research was conducted in a
greenhouse in Tartous Governorate.

The results showed that inoculation with the three bacterial species led to a
significant increase in all studied treatments compared to the healthy control
and the control infected with the fungus that was not inoculated with bacteria.
The treatment of inoculation with the three bacterial species not infected with
the fungus (M) showed an increase in the average soil content of nitrogen,
phosphorus and potassium (0.243%, 40.11 ppm and 273.30 ppm)
respectively.While treatment (BM) achieved the highest increase in
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parameters for stimulating systemic resistance against Botrytis cinerea by
increasing the total phenol content of tomato leaves (92.49 mg/100 g),
average peroxidase enzyme activity (0.315 pumol/mg), and average salicylic
acid concentration (56.22 pg/g fresh), this was reflected positively in
productivity, with the average yield of tomato plants in treatments M and BM
reaching (3.213 and 2.692 kg/plant, respectively), compared to the healthy
and fungal-infected controls.These results confirm the high efficiency of
bacterial inoculation in enhancing plant nutrition and stimulating biological
defense responses, which effectively contributes to increasing plant
resistance to Botrytis cinerea infection and improving plant production
efficiency.

Keywords: plant growth promoting bacteria (PGPR), Soil, Botrytis cinerea,
tomato.
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The effect of plant density and foliar spraying with
micronutrients on grain yield and its components in two
varieties of Zea mays L.
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Agricultural Engineering-Homs Engineering-Homs
Engineering-Homs Univesity Univesity
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Abstract:

Two varieties of yellow corn, Ghouta 82 (a synthetic variety) and Bassel 1 (a
single cross hybrid), were planted at the Burj Qaei station during the 2010
agricultural season. The aim was to study the response of grain yield and its
components for the two studied varieties to foliar spraying with some
micronutrients (Zn, Mn, Fe) individually, in pairs, and in combinations of
three, under different plant densities.

The experiment was designed using a Randomized Complete Block Design
(RCBD) with three replications for each treatment. The weight of a thousand
grains, number of grains/row, number of rows/ear, number of grains/ear,
number of ears/plant, and grain yield were determined. The results were
analyzed using the Genstat 12 statistical analysis software.

The results showed highly significant differences in all plant densities,
varieties, and spraying treatments across all studied traits. The values for the
weight of a thousand grains ranged between (263.7, 242.7) g for the lowest
density and highest density, respectively. The values for spraying treatments
ranged between (231.2, 258.4) g for the control and Fe treatments,
respectively, while the highest value was recorded for the Ghouta 82 variety
(258.6 g).

The values for the number of grains/row ranged between (33.24, 28.62)
grains/row for the lowest density and the highest density, respectively, whereas
the values for spraying treatments ranged between (28.3, 33.89) grains/row for
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the Zn and Fe treatments, respectively. The Ghouta 82 variety showed
significant superiority over the Bassel 1 variety, recording a value of (32.42)
grains/row. Significant differences were also recorded in the interaction effect
of Densities x Varieties, where the highest value was recorded for the
interaction of the lowest density x Ghouta 82 variety at (34.01) grains/row.

The lowest density recorded the highest value for the number of rows/ear at
(15.2) rows/ear. The values ranged between (14.12 - 15.34) rows across the
control and the ZnMnFe treatments, respectively, while the highest value was
recorded for the Ghouta 82 variety at (15.2) rows/ear. As for the average
number of grains/ear, the values ranged between (512.8, 464) grains/ear for the
lowest density and highest density, respectively, while the values ranged
between (418.9 - 508.6) grains/ear for the control and Fe treatments. The
Ghouta 82 variety recorded the highest value of (499) grains/ear, and the
highest value for the interaction effect of the lowest density x Fe treatment was
recorded at (469.3) grains/ear. Additionally, the highest value for the
interaction effect of the lowest density x Ghouta 82 was recorded at (528.3)
grains/ear.

The lowest density recorded the highest value of (1.21) ears/plant. The values
ranged between (1.26, 1.19) ears/plant across the ZnMnFe, Fe, and control
treatments, while the highest value was recorded for the Ghouta 82 variety at
(1.2) ears/plant. The highest value for grain yield was recorded for the highest
density at (8.775) ton/ha. The values ranged between (6.608, 8.924) ton/ha
across the MnFe treatment and the control treatment, and the highest value was
recorded for the Ghouta 82 variety at (8.43) ton/ha. Furthermore, significant
differences were recorded in the two-way interaction effects for Densities x
Treatments, Densities x Varieties, and Treatments x Varieties.

Keywords: Zea mays L. Varieties, Plant density, Foliar spraying with
micronutrients (Zn, Mn, Fe).
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(Mirzapour and Khoshgoftar, ca JS 553 L ae Gilshy 12ag IR Aalal) ety &
2006; ; Faisal., ef al, 1996; Paramasiva, Malarvizhi, and Thiyageswari, 2012)
oo (b palu 38 yaally aally il (grall jualiall sl 1) o () b (ghas LS
CSlifig ) GasSiy Fsaall Jiall Jie clayshis cagaall gai H3a3 AN L gl ilileal)
GsS aiad ) ool L e pdila JSGs pealiall o3¢d cilill abiaial pnt o Ll aelug
and (e JS 0585 Le pa (38153 1305 (Gusipall aalsll Canall (8 L) 3alys aend)
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4 gaad) LWL 9 Ao )30 o plad) Alaad e daals Aaa
A8 ) Gueaal) w20 Uga daal ) plalie cighall) se 2026 als 24 1) 48 Alaall

Wjlie ST )5 hanse 824h s Canall ¢Dli) )y (EI-Badawy, Mehasen, 2011)

Adla salll o815 e ala) S et ) 1y Caiall 3550 mlanally
Ledle iy Calialy e lalaally BESH Caall [ Cgoall d3e Jawsia :50 50

Dlalaal) 82ihe 1Jaly i) lal)
=Y Jigial) SN =Y Jagial) AN 8ihge 1y =Y Aagiall SN plaal)
H H 2
28.54d 28.93 29.87 30.30 25.30 27.27 29.60 29.70 27.39 27.12 28.57 29.95 w
(1
28.30 d 28.30 30.77 32.50 24.67 25.30 28.27 30.52 26.08 26.48 28.03 30.38 zn
30.58 ¢ 30.20 32.27 33.87 25.63 28.23 33.27 32.11 29.04 27.92 30.25 33.57 Mn
33.89 a 32.83 36.30 36.97 30.63 30.90 35.70 35.37 32.41 31.73 33.60 36.33 Fe
30.56 ¢ 29.60 32.27 31.70 26.33 30.50 32.97 31.19 29.93 27.97 31.38 32.33 ZnMn
32.22b 31.07 34.47 34.43 28.03 31.57 33.77 33.32 31.12 29.55 33.02 34.10 ZnFe
33.25 ab 29.73 35.90 37.57 29.63 31.63 35.03 34.40 32.10 29.68 33.77 36.30 MnFe
30.81 ¢ 30.70 32.67 34.77 26.40 29.20 31.13 32.71 28.91 28.55 30.93 32.95 ZnMnFe
31.02 30.17 33.06 34.01 27.08 29.32 32.47 32.42 29.62 28.62 ¢ 31.19 33.24
c ab a d c b (4) b (3) b a(2) Jagiall
a
Gl * cDlalaall * clilisl) Gilial) * claleall Gilialy) * cldli)) EDlalaall * cldlig)) ciliay) eDlalaall g
0.596 0.254 0.015 0.613 <.001 <.001 <.001 Fbr.
3.011 1.738 1.064 2.129 0.615 1.229 0.753 L.S.D.
6.0 CV.%

%5 AV (55l de digina §8 L 25 Y Lasee dgliie Cijals degiial) Al |
%S5 ANA (ssiue die dysina G)b Lein a5 Y Lal Agliie Capnly de i) 2l 4 3 (2

tusie/cigiall aie haugia —3
asdiall ASESD) (3585 cAug paal) CLESH G Aygine (358 dgas ol cyedal 1Bl
SV Adan gl GBS Ll Gugiye /e 15.2 dadll clas dua (2l EG e
Allal) 2SN e Tan (ggine S5 L g lly ugie/can 14,98 dedl) i

cosefcia 14.58 daal) clan Al

Con gl ua g yall Clebeal) 3 dyginall dlle (358 sag ilil) Cjelsl tcBlalaal)
Alalaally Ll Cpilelaall (e S ugipefcia (15.34 — 14.12) o Aassd) o)
Alebaal) o liialy comlal) e e labeall 48181 an (ggine (3585 Jansg cniisill Jle ZnMnFe
calal) e Lgine Wi cupglal ) cdlebaall G Lygina 338 Jaii o (pn 3 ZN

45
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824kase Catall (35ity i s yrall Caliall (s dysina (338 39m s il iyl 1 ilinaly)
Gin Tdaly Giiall e Tas gpine JS Gugie/cia 15.196 dall 4l cilas (63)
Ny AU il B Ay (3508 Jad ol L usiefcia 14.65 dadll s
palis Byl G5l o ) pasipe/cagieall axe Jausie 32 (8 ) (a5 . (6)dsos
cooliind Al Allal) S aa Ajlie Jumdl J<G 40000 jualiall Galiaial Gphen b
sSis Apwal)l JEall uaat 8 Raabudll 5 . palial) s3] Bl i e Lad
oY) oLl 55 g aalis LS plsie IS asipall shaly sad (o 3ms La ey iS00
Raskar, ef 583 L ge (38153 1385 ¢ ugipal) 8 dan) gy LAY ALl e Jgpasal
ralinl) Galiaial (ppund aelu jualiall oder sl ()l of ) &l L( &k, 2012).
s (4dsia dae 3alyys esiyall skl e i Lo e Jlad JS Lgie culall aldiulg dpaeal)
Caiall (gpadll £ genally 4jlie S (g £ens dllial 824hge aiall (f Gl 53

(2009 calee ) oS5 Lo g (38l 1aas 1l

LeDle iy Calia¥ly cDlabaally LT Lushe [ Castall dae Jausia 1650

TR 82k 10ty Giliay) i)
SN | s | | e | sl | e | 8AhgE | Idub | W) | s | g | Sl
HW HW 2 HW @
14.122b | 1423 | 143 | 143 | 135 | 137 | 141 | 1441 | 138 | 13.90 | 140 | 144 | auw
(1) 3 67 3 67 67 67 1 33 0 67 00
14744 | 14.86 | 523 | 153 | 140 | 143 | 146 | 1514 | 143 | 1446 | 147 | 149 zn
ab 7 3 33 67 33 33 4 44 7 83 83
14.850a | 1490 | 530 | 156 | 140 | 145 | 147 | 1526 | 144 | 1446 | 149 | 15.1 Mn
0 0 00 33 00 67 7 33 7 00 83
15278a | 1523 | 550 | 156 | 14.6 | 153 | 154 | 1545 | 151 | 1491 | 154 | 155 Fe
3 0 33 00 00 00 6 00 7 00 17
14.850a | 1493 | 152 | 154 | 141 | 144 | 149 | 1518 | 14.5 | 1451 | 148 | 152 | znMn
3 00 33 00 67 67 9 11 7 33 00
14872a | 1483 | 151 | 155 | 141 | 470 | 148 | 1518 | 145 | 1448 | 149 | 152 | znFe
3 67 67 33 0 33 9 56 3 33 00
15306a | 1530 | 155 | 553 | 146 | 153 | 155 | 1544 | 151 | 1495 | 154 | 155 | MnFe
0 00 3 00 33 67 4 67 0 17 50
15344a | 1530 | 155 | 155 | 146 | 154 | 156 | 5467 | 152 | 1495 | 155 | 155 | zZnMnF
0 33 67 00 67 00 1 2 0 00 83 e
14921 | 1495 | 152 | 154 | 142 | 147 | 149 | 1519 | 146 | 1458 | 149 | 152 | buga
0 25 12 12 33 92 a6 | 46b 1b | 79ab | 02a
G) @
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4 gaad) LWL 9 Ao )30 o plad) Alaad e daals Aaa

A&l Guaall ve 01 Uga daal o) gldie Cihall) ae 2026 als 24 1) 48 Alaall
Gilia) * clalaall * Bl * EBlalrall Gilialy) * bty * Bl cpal) Jalzal) sy
il EBlalaal) ] = «f
0.992 0.761 0.371 1.000 <.001 0.00 <.00 Fbr.
8 1
1.6881 0.9746 0.5968 1.1937 0.344 0.68 0.42 L.S.D.
6 92 20
7.0 CV.%

%5 ANV (s5ime v dysine 3558 Lein a5 Y Lagee dgliie Cipaly desuall 201
%3 AV (g5iee die Aygine (s Lo aagi Y L) dgliia Capaly de gl il 3 2
‘)A

tusiequpad) 2 i —4
S AL (3585 g paall BLSI (p Aysinall Ale (3508 dsay liil) Cpelal tCuldUSY)
Cilass A Aaugiall LESH gl ¢ usipefAn 512.8 dal) cilaws Cua (BESY 3L e
Al o ) Allal) B e Do (gginn SO Lond s Jlly usipefAn 493 Al
Seially yaal) Jia graall jualiall of ) @lld b undl (hmg - (7)dsax Cusie /i 464
Lo ccladip ) (505 (Ssaall Jhaill Jie dm gl spnadl) lileal) (ppasad (8 G 150 a5 il
edlad J lpaliaial (et o pualiall o3gs ()51l (1 el asaall i Guyat (8 pa Loy

consil G ase ahs csad) GasSS e m L

ail) a5 Caa g paall cDleleall 3 Ayginall Adle (5558 gas il coyelal 1 Dlalaal)
il e Fe dlabaalls Ll oyilelaall (e ISV Gugine fAun (508.6 — 418.9) (p Alawsdl)
s Fe Glilaaall cujelal LS canlilly Zn dlalaall e cDleleall 4880 Tan (ggina (35 Jamss
Gl Gl o Il b Cand) (g3 385 g paall cDLaladll S e Lsins 55 MnFe
Jie da sl gl Slileal) Gaund (3 G Do canli il Suinially aall Jie g puall jualiall
odgr (Bl BV el il e Gt (A el Lo clifigpll a6y (Sgeal) Sl
cousball (8 laae aps sl 0sSE e S L cJlad JSG lpalialial Gauad e ualial)
¥ e Gusiall sai 33m (Aoll Gl e (gpall ealiall g o cluball celsl 5

Khan et al, (2014)s53 L ae @8lsi 135 ¢ Ggall 220 3345 )
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Ciiall Gy Amgpaall Glad) o Dpgwall Alle G5 sy gl ekl ciliaY)
el il Gyn Tdaly Cinall e Tas syine S5 dun 499 Lol 4l s o3 824k g2
dglee Cpuad oo (gl pualiall sl G o I Glld 3 ) (g5ey 384 s 480.9
AU e A paall Glal) ppes 3 Jpeanall Ll Gruad gl e ¢ gl Jial

(Himayatullah ef al., 1998) o)S3 L ae (38153 1305 Cilial) cp <sliie

(D alaally Uy Je il 3 dysina (3558 d5ms il Copelal tcBlalaal) X culdlist)
Zn dleleall 4lad) LS 0 ISV Gugie [ dn (469.3 — 418.4) ¢y Asaall 2l sl
b e @ el MnFe dlelaadl dinidial 43615 Fe dlabaall diaidiall 4aCl),
5 bl llaal dlall LUSY e 5 D Llaal) JS Cjelal LS LD ClsiSI s cDLalaal
COlbeally lBBST Sl @il B0 5 ) el 8 ol (g3 a5 L (7)dsas ¢ ZN
Glilaall a8 Ggan Doy ali @liplly Sunially waal) Jie (sl suabial) of Cus
Ol e lig sl gai Ga3aS ( aalon Lee clidis pll (35855 (Sl Jiaill Jie dansl sl
e dhs sl GasS (e i Le (Jlad JS lpabalial uuad o jualiall 03¢d 3)5l)

sl i

LS G Jelill 8 Gsial) Alle Gojb asns bl cuell tiliaal) X clBlS))
Allal) AU e JSI ugine [ ds (528.3 — 460) o Aadll ail) ciagly calualy
55 82k se Caiall Allall ZEESY ¢ lal cdudy Caiall dcaddial) 430K 824k e Caiall
(7) s g rall Guiiall Allal) GESH 4y gina (3958 Jadh ol G (A cclalisl) 5L e
X EDlalaall X SN 5 GluaY) X D) diddl Y 8 dygiee (3558 Jad
(7)d s (il

LeDle iy Calia¥ly D lelaally GBESH ugihe fgall dae Jaugia 17 50a
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4 gaad) LWL 9 Ao )30 o plad) Alaad e daals Aaa

a8 ) Gaall 2 a0 Uga daal o) oladie ciudall) ae 2026 als 24 11l 48 alaal)
EDlaleall 824k 10l i) LN
] Jouugiall e = Jugial) ] 82ihg 10ab =Y Jougial) ] )
H H H &
418.9 424.6 450.4 467.1 352.6 387.3 431.3 447.4 390. 425.0 451.1 460.7 YA
42 4 f e e (1)
420.3 418.6 467.7 05.2 342.9 365.2 422.4 463.8 376. 418.4 448.3 457.4 zn
d 9 f e e
456.5 449.9 490.3 533.9 359.8 409.4 496.0 491.4 421. 468.5 491.6 518.7 Mn
c 7 e d c
508.6 499.0 559.3 591.5 428.7 443.9 529.5 449.9 467. 506.6 543.1 569.3 Fe
a 3 cd b a
454.1 442.2 486.0 99.6 366.8 442.1 488.0 475.9 432. 462.3 475.7 483.6 ZnMn
c 3 e de d
474.8 460.8 520.0 537.1 388.9 450.9 490.8 506.0 443. 480.5 506.8 536.8 ZnFe
b 6 de cd bc
499.6 452.7 552.7 593.5 416.1 460.7 522.0 532.9 466. 476.2 535.9 567.1 MnFe
a 3 de bc a
464.3 470.4 505.2 550.4 370.2 421.4 468.4 508.7 420. 474.7 491.7 508.9 ZnMn
bc 0 de d cd Fe
490.0 460.0 508.7b 528.3 468.0d 477.3 497.3 499.0 a 480. 464.0 493.0 512.8 ugiall
e a e d c(5) 9b c b a(3) P
(4)
Gilial) * clalaall * b)) Gilial) * cdlalaall Gilial) * gl EDlalaal) * BB ¥ Slalaall LSy
ol <
0.476 0.627 <.001 0.009 <.001 <.001 <.001 Fbr.
29.54 17.06 10.45 20.89 6.03 12.06 7.39 L.S.D
3.7 CV.%

%5 A3 (gsine die dygine (358 Lein a1 Y Lases dgaliie Cipaly degiall 2l 2 (1
%5 AN (g5l Yo dygine (3558 Lein a5 Y L) Agiliia Cipaly de il o8l 5 4 (3

sl [Guilad) 3o Jaugia =5
it BB sy Ayl SIS O Dysine (358 25y I Capelel slBSl)
8N e angil) e el [/ Gase (1,18 = 1.21) (yfiedl lila o Ul da L giall
Sy Aysina (3508 Jaai ol Laty il [ Gusipe 1013 Ll s ) 200
@l aliall Byl (il o ) lly (& cudl e (8)dsan i sially dmidiall
AR e L) sai e ims Ll Rl e s Lee ¢ saall Jhall et A sl
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5 eomibal) CpsSiy JN) Cuaadd (e Gouny @A el WLl ialiall 028 ac i LS

. El-Metwally ef al. (2011). o83 L aa (3il55 128

Good lan gyl cBlaleall & dysieall Adle (3558 dsay gl gl tCDlalaal)
S (Fe «ZnMnFe cMnFe ¢ laladl) cjelal s yaall cdlalaall (s lan dysinas dygins
ZnMn Aeladl) oLl O alaall 3L e Lsiee g6 (1.24 1,26 1.26) sl cila
sl Gl o ) el 8 ) (5hmy - (8) s el [ Guse 1,19 dall il 3l
3a3 e ms Slall Ll e ks Lee gl JAGN Gyt 8 aley grrall sualially
D) Cats e sy M) apY) Ll paliall o3 ae s LS AgpalSill ¢lacYl
s el & Gunball axe 32l MLy WY1 0SS et e Jaatis Gunball (S

. Salem, ef al. (2014). o83 L ae G3él5y

Caiall (355 Ay yaal) Clua) G Lyginall Adle 358 25ay iliall Cujelal ilinal)
13ul Cinall e Tan (gsine S50 <l [ usipe 1.2 4l 4l il (o3 824052
aiall Bl el 8 candl 53rg - (8)dsax il [ Gusiie 1014 dedl) Cilas Cua
Caiall ~0f Las 1duly Ciiall (gpadll g sanally jlia S guiad §sanal 824kse

o sl Sl Lali dygal) lleal) 3 gpmall g sendl 138 (e saal) o)
(8)dsan (Dl AN el SV 8 Lysina (398 Jansd

ledle iy il )y O lalaally CHBESY il [ Guniball a3 Janigia 18 50a

Dalaal) 82k 10al Gilsay) Sy
] Aacygial) S e Uaygial) o] 82k 10ub =Y Aauygial) S clalaal)
1.04 1.04 1.07 1.03 1.02 1.03 1.06 1.04 1.04 1.03 1.05 1.05 L)
4(1)
1.13 1.12 1.17 1.14 1.09 1.07 1.21 1.14 1.12 1.11 1.12 1.17 zn
bc
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4 gaad) LWL 9 Ao )30 o plad) Alaad e daals Aaa

a8 ) Gaall 2 a0 Uga daal o) oladie ciudall) ae 2026 ale 24 11l 48 Ayl
1.14 b 1.13 1.21 1.18 1.10 1.13 1.09 1.17 1.11 1.11 1.17 1.13 Mn
1.26 a 1.26 1.31 1.36 1.10 1.23 1.32 1.31 1.21 1.18 1.27 1.34 Fe
1.19 ab 1.18 1.17 1.26 1.07 1.29 1.17 1.20 1.18 1.12 1.23 1.21 ZnMn
1.11 1.11 1.15 1.17 1.03 1.10 1.08 1.14 1.07 1.07 1.13 1.12 ZnFe
cd
1.24 a 1.24 1.28 1.36 1.18 1.16 1.23 1.29 1.19 1.21 1.22 1.30 MnFe
1.26 a 1.19 1.31 1.41 1.17 1.19 1.27 1.30 1.21 1.18 1.25 1.34 ZnMnFe
1.17 1.16 1.21 1.24 1.10 1.15 1.18 1.20 a 1.14 1.13 b 1.18 a 1.21 Lo gialll
b(3) a(2)
GiliaY) * cdlalaall * b)) * claleall Gilial) * clalsy cBlalaal) * cliligl) diliay) Slalaall lalg)
cilialy)
0.825 0.780 0.997 0.890 <.001 <.001 0.002 Fbr.
0.175 0.101 0.062 0.124 .036 0.072 0.044 L.S.D.
9.2 CV.%

%5 ANV (s5ime die Aysina (3558 e a5 Y Lages dgliie Cipal desaall 2@ (1

%5 A3 (gsive die dygina (g8 Lein a5 Y Ll dgaliia Cijaly desiiall 2l

32

gl A -6

B (3585 gyl S (g Aysinal Alle (G558 asay okl Coyell 1Bl
Cilaas ) Al ASES) gl a/ ok 8,775 Al cila Cua (BB 3L e 2
Glae Al A S e Tas sgine JS0 L g s a/ch 7.873 Al
Sle 2ol gyl pualially )3 (il of ) elld 8 Gl (550 .8/ 0k 6.793 dagdl)
Jaad e gya i cblall cul€ Gua el daely 3l bl ve culilall ool s
Ot P (e dgall Ala) o alag) JS8 (Sl Lae @ldadly e puall o bl

(9) s caguall gl
Conglii ua g el O lebeal) 3 dyginall dlle (358 sas poliil) Cjelsl s cDlalaal)
MnFe ilaaals slil :oyilebaall (o JSI /o (8.924 — 6.608) (i Alsual) 2l
MnFe ilabed) o LS canlall e Tan Ggine 18 e labad) 68 el il e
Gl o ) ey 8 dl (a3 1(9) U s padd) clelaall 488 e Tan Lygine ligis

3230 Lo« iS55 puall Qe Blee s b palad csiall ealially i
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Lalis jealiall 038 aedi LS L aganll gail Ao 450300 2sall ) e clall 5,38
ena e Gy Lae ccasaadl Jals cha oSl il 0585 e el Slayiiy)
.(Raihan 2000 <Himayatullah ef al., 1998) o3 L ae (3851 1285 Le3)s
Caiall oy g el GluaY) (o Lysinall Alle 358 25m il Cyelal s ilinal)
G ol Giiall e lan (gpine JS5 a/0h 8,432 dall 4l cilau 53 824kase
Grall yualially )5 Gl of ) el 3 ) ey wa/oh 7.195 Al cilas
s Esenal 82k Caiall oDlial ) AaLaYl cililall 405l 50 28y 3 aalus
. Saleh ef al. (2000) o83 Le aa (3851 1305 1l canall 5 455l S

LS G Jelil) b dygieall Alle (358 asay bl cyelal tCBlalaall X ClUSY
Ot Asasall agdll Can gl L HBESD X D Lalaall Calida G dygine (338 Claas cDlalaalls
486l x MnFe dlalaes 1551 486SH X aalal) Alalae o JSU 8/ (9.547 — 5.837)
gren e Tan Lsiee G5 20 2800 X MNFe dlaladd) cupelal caggill e 25
¢ ZE) AL x ZnM ¢ FEE) GES) x ZnMnFe bl Ll e lalea) X culabl)
ezl e a/oh (9.195 9.266 9.288) adll cilaw ua ¢yl 28kl x MnFe
Gt o selu (gpall sualially Byl Gl of @iy (& ) (g3 (9)dsas
ol Jaat e gpad T cblall culs Gua dlladl dae )l GlESH v cblall ¢
Lo eyl (sSiy Jsuall Jiaill ddae 30 (8 raale S chdsally gl e
ealiall 038 cexi LS gl sail Ao 4830 Ml £l e il 58 (e
Oe g Las camal) Jals g Sl lig sl (06 e A ghuall Glagy) Jalis
sl skl (et PA e dpad) A o Sla) JS50 GSail Le Lehss leaana
GBS Jelill 3 el Adle 3308 2say il cujell 1ilival )X b))
el s Cum (BB 3L e e 824056 x RGN ASLSH <jelaly GlaYly
- (9)Jsas 82ikse X A ASESY Alaial) /0 8.719 dadl) L3k a/ 4k 9.268
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4 gaad) LWL 9 Ao )30 o plad) Alaad e daals Aaa

a8 ) Gaall 2 a0 Uga daal o) oladie ciudall) ae 2026 als 24 11l 48 alaal)

CDalaall g Jo i) 8 Ay gima (3558 d5m5 il gl s iliaalix cdlalaall
1duly X 8 Lal) e JS /55 (9.630 — 6 ) (e Alsasall asill can gl cilinal
Ll Alabaall e Lsine 585 calaall 6 (5o lal 1824k 52 X MnFe dlaladll;
Dbl wan o Ligine 15 824052 X MNFe dlalaall cujelal LS 1Juls X

- (9) Us> 2/0h 9.293 dadll cilan Al 824kt X Mn Alilaall ik
O delil) 3 dygine (358 dgag ade gl Cyelal s Ciliaal i cdlalaal)x clBESY)
pall AR 3Ly 4 o) (g Lesee () 5o cilial s clalealls S
alially 1) dils RS )iugpad) cleled) Gulsi sha e ebieall 8,3
(4)Js2al) dn 1000 s :dpall Aal) yualic 32k ) (lsl) gyl
«(6) sl Lusie/casiall sae Jangiag o 5)dsall caall/igpall dae Jaugiag

+(8) Jsaad)l b/ parihyal) axe Janigiag o 7)dsand) cusiye/gpall dae Jaugiag

LeDle ity Cilialy cdlabaally B &/ dpall Al 19 Jsoa

eslalaal) 824k 10wty il sl eslalaal)
o= Augial) | S8 S| Abaga) [ S8 82k 1duty il Aaugiall S
6.608 7.859 7.500 6.291 7.217 5.399 5.384 7.217j 6.000 7.538 6.449 5.837 aLa
f(3) 1(2) fg j k(1)
6.747 e 7.730 7.753 6.167 7.317 5.792 5.724 7.217j 6.278 7.523 6.773 5.945 zn
3 fg i 3
8.381b 10.128 9.842 7.909 8.100 7.533 6.773 9.293 b 7.468 9.114 8.687 7.341 Mn
fi bc d g
7.967 d 9.390 8.903 7.243 8.507 7.470 6.288 8.512 7.422 8.948 8.187 6.765 Fe
cd fi c e |
7.922 d 9.838 8.648 7.132 8.694 7.383 5.837 8.539cd 7.305 9.266 8.016 6.484 ZnMn
ij b e J
7.852 d 9.434 8.353 7.446 8.523 6.967 6.386 8.411d 7.292 8.978 7.660 f 6.916 ZnFe
ij c hi
8.924 a 10.232 10.064 | 8.595 | 8.863 8.327 7.463 9.630a | 8.218 9.547 9.195 8.029 MnFe
e a b e
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8.110 ¢ 9.531 8.686 7.700 9.044 7.343 6.354 8.639 ¢ 7.580 9.288 8.014 7.027 ZnMnFe
f b e h
7.814 9.268 8.719 7.310 8.283 7.027 6.276 8.432a 7.195 8.775a 7.873 6.793 Jugiall
a b d c e F (6) b (5) b c(4)
Cilial) * cdlalrall * GBS dilial) * cdlalaall Gilial) * Gl cBlalaal) * cliligl) cilialy) Dlalaal) lalg)
0.081 0.017 <.001 <.001 <.001 <.001 <.001 Fbr.
0.2961 0.1710 0.1047 0.2094 0.0604 0.1209 0.0740 L.S.D.
4.6 CV.%

%5 A3 (ggie die dysinn (398 Letn 2 Y Lages Agiliia Coal degiiadl il 362 (1

%5 AN (ssise e Agina 338 lein 28 Y L Al Coal desiid) 28 6 <5 4

ralaliiigy)

ae daa Gl 4)g) e huall 53 Lpall Axll pualial adll el e Jpanl) 5 -1
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Effect of Foliar Spraying with Micronutrients and Plant
Density on Some Morphological and physiological Traits of
Two Genotypes of Zea maize L.

Abstract: Two Genotypes of Zea mays L., Ghouta 82 and Bassel 1, were
planted at the Burj Qaei station - site of the General Organization for Seed
Multiplication branch in Homs, during the 2010 agricultural season at three
levels of plant density (47.6, 57, 71.4 thousand plants/ha) and foliar spraying
with micronutrients: iron, manganese, and zinc individually, in binary
combinations, and in a ternary combination. The aim was to study the effect of
this on some morphological and physiological traits of the Zea mays L. (plant
height, leaf area, dry matter accumulation, and net photosynthetic
productivity).

The experiment was designed using a Randomized Complete Block Design
(RCBD) with three replications. The average plant height, average leaf area at
the flowering stage, average net photosynthetic productivity, and average total
dry matter accumulation were measured.

The results showed highly significant differences in all densities, varieties, and
treatments for all the studied traits. The highest value for plant height was
recorded at 199.74 cm for the highest density, 200.29 cm for the Zn, Mn, Fe
spraying treatment, and 213.63 for the Ghouta 82. The following values were
also recorded for leaf area: 33.68 thousand m?/ha for the highest density, 30.36
thousand m?/ha for the Fe treatment, and 30.96 thousand m?/ha for the Ghouta
82. As for the average net photosynthetic productivity, the recorded values
were 11.34 g/m?/day for the lowest density, 11.5 g/m?/day for the Zn, Mn, Fe
treatment, and 11.34 g/m?/day for the Bassel 1 variety. The following values
were recorded for average total dry matter accumulation: 1420.5 g/m? for the
highest density, 1340.9 g/m? for the MnFe treatment, 1284.6 for the Ghouta
82, and 1486.3 g/m? for the interaction effect of highest density x Ghouta 82.
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Keywords: Zea mays L., Foliar spraying with micronutrients Fe, Mn, Zn, Morphological
and physiological traits, Plant densities.
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il e (/a8 (135-62.5-50) <baslly (N, P20s, Ky0) 520} (e ley (oamasall
Wil a5 (DAP) asmisall Cling (JE e %l Ay (B B ) adlayl
Aajye 3 Y izl 5ZnS04 (e %0.2 daissFES04e %0.5 dsivs (MOP) (ulisall
ek Al Al 45 (AN sl Sl pslall Alsje (8 Al Bl Alaiud o
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1 kel 3 31 cha 5310 A b33 3 3 S0 il ang (b Aul) ARSI g (5 jhual) pslinlly (B ) LY s

vie 3yA & ddlal) sald) oK) 4 saly) (2006) Naidu, and Venkateswarlu Jaw
Gy il cibiny€ %0.5 + sSUgigsl + cpag sl (el asadl e all (e %100 Guks
Al (e g 30 2nn (L)

pise PIa (Zea mays L) 530 Lalily sai o lglly G sl 580 Jon A3 (&
O Adliaa Jalye (b iy g il Ablia) o il Cpglal Appeda Apla 355 B Al
Llie cDlebeal) a4 Lasale (S5 Ailad) sald) 815 e il slaal) Alaje & 5 gl
.(Singh, et al., 2021) alall

Ol e Sa/aaS 150 d8ls) vie almas &5 (e 23.10) ddlad) salall el 2 ) o

20 Jamay asaliaanss)l sty dadld) o0l Y (ZnSoy) el @liyS e HUSafaas 15 +

(Marngar, and Dawson, igll cal 4l diaas Ak dley Ay 8 Cappall ausse A aaS/aa
.2017)

o S el Bl S G i) e aaS 120 ae 5l e aaS 7.5 Bl o
Gl e aaS 100 e il e paS 5 Gkl Silee (IS 4Ty )3 & dalad) salal)
.(Meena, et al., 2013) ¢lialy ¢ sulasl & oyl ause S Al Ayl 3y55 & LS

Gilly /e0.75 585 sl @Bl (Bl vie Lsall b bl saill Ghdine <l
daluay Sl/@hs¥) 2xes 8 Jl gl clal) g li) a8 caliy e 1.5 385 o)l
763.88 «uliif43)5 36.03 ¢anl0.17¢ ¢2u88.03 cbull Ciladly Caayll (yslls 8) ) elansal)
88.33 asiill Lo soall Sl (il xe gfp 23.00 e 126,58 g2
CAgfe21.67 cgfé 119.17 5 /2 727.36 «xifitys 33.91 5 /g 9.86 e
(2026 52025 «gadadl ) gl Ll il Bl e

shivall 53 (e Calial DAl dygal) Alall 5 Glijlly ) shosdlly spantl) 300 A i
2yl o sl P, ZN L sand <l gise daty 5 ( 0s87-24 (Os 89-35: Os 86-39)
dsg paal) D lebeal) JS 8 Calial) (g Aysina g5 Ailall sold) de e ZN 5 p o dyandll
(bukvic et al., 2003)
Gaal) dan
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4 gaad) LWL g A 50 a plad) Ale e daals daa
A8 ) Gl 38 20 Uga daal ] glale ciall) 2 2026 als 24 23 48 Alaall

Glaall any b Sl i€y Saniall i€y ceanall Gl sl Gl ik Ay
Jial Al aliac dala sald) o815 ¢ sl o) cclal) iyl Lo gl sahlly Fomslsh ) oal)
dnlul) 80D e ibisie ADE die g)jaall 3,00 e i)yl (gj)a'aj\

&) i dga

:aalal sala .1

a 16 —14 gsing aaal) higio (ugiyallomilil] ~dde oS5 Canai82-dhe
Gl (s (i poana Lo Algial ) Sy call o Jpand) Ciagy o))l mliay
7 =6 dpall Al ¢ del)3l) e L] 20 —110 gmeail) & 5Sall hangie 3ysaie opsll) ¢hiua
by 4ty adsially dadiall phall Slags Jests .a/lk 9-7 ) blal Jeay 85 a/0k
Ayl Gigpal) (A de)) )l mhiay (riially

2SN ) can 160 clall g i) (oids (8D e O5Se i G t1=duly Dk
Lall Al 58 2-1 bl e oSl sxe clagy 105100 seill musse Jsb coms 75 J5Y)
120 G syalialy 5)Sudll 283830 55 2]l b de))30 xhiay o8/l 10 -8

s sall TR paill Jalpe S Alsesall alially Lanll 8al) cilaya Jaosia 2(1) oy Json

2010 el
a Al 5 all Aa 2 gl | aLidl) 80l Ao ) Bagia &l
33.0 19.5 2010/7/11 —2010/6/27
323 22.1 2010/7/26 -2010/7/12
37.4 233 2010/10/8 -2010/7/27
37.0 23.8 2010/8/25 -2010/8/11
32.6 22.7 2010/9/9 -2010/8/26
33.0 20.5 2010/9/24 -2010/9/10
30.0 19.3 2010/10/9 —2010/9/25
29.6 15.7 2010/10/16 —2010/10/10
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1 kel 3 31 cha 5310 A b33 3 3 S0 il ang (b Aul) ARSI g (5 jhual) pslinlly (B ) LY s

2010/7/11 s 2010/6/27 e 58l s 2 19.5 Liall 5y all Gy Jansgie S0 Jass
i el (RlaL e 25 2010/8/25 s 2010/8/11 sl 8 4 dad el sl
A dsaadl Jf s el 88 15.7 Jaay

e 2370 50374 s Dy Haa oed DA calaall 5 ) all ds ol s gie e Jass
3 Ayl Ayl o (2) Jsanll b i) cpelaly el 8 adsall Ay Julas e Sl
B casmlindly Hsdusdll o JSH 4t Aygaall 3ally (siaall Bam ¢ add e 8 Jelis
Qg YL (s sinll

30-0 Ghae (olo Al gige (o8 il Al Al Giloasll (mmy 5(2) s

2010 plall o
el Jylal Sl Jalail
Fe Mn Zn Sl N | Galisdl | sngdll | PH Ggpac il | opb | cls Jey
%
pmm | ppm ppm ppm ppm ppm % % %
2.65 | 4.85 | 2.36 53 494 224 | 7.4 1.4 70 16 14

s pisd [ &S 4.5 dila) 5 3 Al Jdas it e Taldie) Lneal 300 dila) cud
Aaasli sallg Ay shos il BaanY] ALl 3y ol (i 8 46%N
1 dubs 582-4dase : 3okl —1 1od Jal oo 4D Al ja a3 1400l cdlalea .2

o) Jsaall 38 oeal) pualinlly (0 -2
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4 gaad) LWL g A 50 a plad) Ale e daals daa
A8 ) Gl 38 20 Uga daal ] glale ciall) 2 2026 als 24 23 48 Alaall

A et Aaad IS )l M 81 0 1(3) Jsss

S lanad) i 5 b AL pualinll
Sul/g1.5 Mn
Sul/E1.5 Zn
A1 Fe
g3 Mn,Zn
g3 Mn,Fe
g3 Zn, Fe
Sil/z4.5 Mn, Zn, Fe
(ohie sL)ailial & (5 Ll

7 2 Alage b AV oiedy e clblall (gpadll psead) o gprall jualiall G & -
Aglile lSpe I3 e Hlagy) U8 Lo ddage 8 Aglilly 3l

AV M) e el PIA (e lgle Jgeanl) 55 A0kl culdlis)) -3

all47.6 AL Finy Lo can 3006L Guy a0 ashall ¢ dilaall o( Y1) Y1 286
Al

57 AL Giny Lo caw 250 Gy an70 daghall oy Aabdl 2 (Aanesiall) Lol A8ES)
A [l all

all 71.4 386 Finy Lo au20 UL s an70 Jashall G diluallz( oY) ) 2306 286
b

tAlaal) Jaladilly ag ) panli
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Gllee Cuypals ey Ko B 4 ALK 38 gdal) cole Uadll diyylay dpaill Crenna
Jil dad i, GenStat 12 zaliy aladiul dusjaal) clicall 28lS1 Slasy) Jilasl)
%5 Allial (ggie die (L.S.D. )gsina 5

Ehaall aladinly leagmiis aw 30 Gae o aphad)l O Gl aladiuly Ll s
Gakdd S Ciaca (2 3.5%6 ) sl et el ) learniiy W A5 B0es o ay oaaill
D ia sl ey o 70 Y1y o) (o dilass 0 6 Jslas Jashad Fused Gippa
Bia IS G gl Janary Apatl) lalade s (@AY Bia) G lilue SO ) dils clits
ATy 5 Se US Gms 53y Aaanat Aadad US G al Adlis S5y aie [3S3.5-2 1l S
lls el Clilee uais 2010 f07/01 eply LAES 55 5mlly Aol Cusiihast Clas
il adadl g gsbutie JSGs AadlAl

g al) gl
& 58l a5l BaclE Ay s Al mha e L) gl el 2 s () <l gl L1

dadad S (e UL dusedd V) Alaje b )sl) sdansall (ald 20z 85l sl (uld L2
B0 A i Gladl e A58 alae ) (mpally Jshal) by Gl 5 Akans ) Jashadl (o Ao
ARPA|] (e Qg

ae X0.75 % s [ Ghs) ae X &g (mex 40 Jol) = af 20 Gl i)l alaudll
(1996 AL clhiall 5,3 48)5 Jysad <l :0.75 of G (LS 8 bl

Gak S e bl Rusedl alil) genil dlaje 8 A sald) s 5 ilad sald) oS5 L3
Ll Sl Fa %105 B Aas o (B el Ak Ddanssl) Tagladll e A

A Al e el dba) dal) a4

206 ol 58 sy Al 8 2alad 5Ll S5 B2-B1 : Cum
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4 gaad) LWL g A 50 a plad) Ale e daals daa
A5 ) Guaal) 00 Uga daal ) lddie cahall) ve 2026 als 24 21 48 alaal)

ool 558 Ailess Ay 8 /s Gall 50 mlasd) dalie L1+L2

ase cu.uL\sl\ ’B)SQBJA T

LiBlially i)

cshinal) B ¢a il il gl b Akl ABUSly gl palially il G -1

gl dda 8 Ay nall GBS Tan Alle Lygina (3558 d5ay bl cupelal s cllig))
199.74 Gl cilawsy I 3L e (& fculs Gl 71.4 ) dlal 2860 ¢ 3 el
Ll g lly o 195.23 Aedl) a3 (& /culs Gall 57) U i) 2860 g3l o
187.61 el culas ) (& [fcls ll 47.6 ) daassidl GESY e dygied) e OS5
e dalidl 30l ) sol L dalud) sasg & bl dae 3ab) Gy A& Gl 292y B o
A o Al ef al (1994) Ge US 283 Lo ge (3l 1385 co suall Lagus All pualiall
S cDleleay iy o il ¢ il b (Bangarwa, et al. 1993) 555 Lo ae G5

GV Dlalae o Taa Adle dysiaa (b dsms ) Celil: ghual) pualially ()
Oiilelaall (o JSV ans (200.29 — 180.75) o sl aill cangl i Cum (gppall yualially
Slo llaall B Tan gpine 58 Jamey il e ((Zn Mn Fe ) dldladly aalal
& all 2gmy B g jaall Baemall EBlaledl JS G Apgiee (3908 Jad al (o A callll
Khan e S 583 Lo ae (38153 1385 ccbilall Aliiall 3l 3 5S) 5)08 gyl gas ) el
gl el cuael 8,0l jualiadl 33l b anpe s et al. (2014); Saleh et al. (2020)
Ll g ) 8 Aags B2 (Y ol yalill jualiall A3la) (s bl

W 824ase SHL (s Ay prall Jyhll (o an Aysine (398 3sms Sl el : 3l
174.76 dadll s cun Tl Skl e Tan ggine S8 an 213.63 dall 4l cila
1y clbiball  Jgaall Jaal ddae (pandy Ll e Gauad ) @) (8 cand) 292y B ¢ o
e IS 083 Le e (815

71



1 kel 3 31 cha 5310 A b33 3 3 S0 il ang (b Aul) ARSI g (5 jhual) pslinlly (B ) LY s

.(Mohsin, et al.,2014¢ bukvic et al., 2003)

Sy | PR | I RN I Ay gima (308 Jad 5 al

Oo Opbhl ((an) ) g i) b Aalall 486Ny g praal) jualially () il :(4) Jsa
vyl 3,30)

alially i) 824k e 104 i) EEE) i
al) alially
=Y Aaugial) S8 (= Aaagial) ] 824k 1Jals il Aaugial) ] hall
180.75(1)C 189.40 197.83 201.20 159.30 166.20 170.57 196.14 165.36 | 174.35 182.02 185.88 L
193.34ab 207.90 214.53 218.97 169.13 175.60 173.90 213.80 172.88 | 188.52 195.07 196.43 7n
193.58ab 205.10 216.63 220.53 167.60 176.80 174.80 214.09 173.07 | 186.35 196.72 197.67 Mn
198.13ab 211.63 218.97 22237 168.73 178.90 188.20 217.66 178.61 | 190.18 198.93 205.28 Fe
192.99 b 204.40 213.00 220.70 168.47 173.73 177.63 212.70 173.28 | 186.43 193.37 199.17 ZnMn
195.52ab 210.87 213.00 221.77 168.43 173.73 181.73 215.99 175.04 | 189.65 195.15 201.75 ZnFe
198.96ab 213.77 217.83 225.00 173.93 180.77 182.43 218.87 179.04 | 168.40 176.00 203.72 MnFe
200.29a 211.47 221.50 226.37 171.63 181.03 189.73 219.78 180.80 | 206.82 214.45 208.05 ZnMnFe
194.19 206.82 214.45 219.61 168.40 176.00 179.87 213.63 17476 | 187.61 | 195.23b 199.74 il
a a a a a a(4) a (3)b c (2)a
Gl cilalaall® cilBlg) il cSlalaal) il cilblis) Colalaall * UL | Ciliad) cMalaall B
1.000 0.884 0.945 1.000 <.001 <.001 <.001 Fbr.
17.794 10.274 6.291 12.583 3.632 7.265 4.449 LS.D.
5.7 V%

e AN A8EKI (5 g5 A g paall ALK (s T Lygina (338 dgms gealill el zcnlBlig

%5 Y2 (5 sise Yo Ay gina (358 L a5 Y L sae Agiliiia Cialy e prial) dadl) |
%65 AV (5 sinsa Yie Ay gina (338 Lot 2 53 Y Ll dgliie i alide il ol 4 3 2

Usje B B9l plaall dalona B 4lal) ABUSy gjpual) jualially i)l il .2
hiuall A ¢ el (@l am) SWsY)

29.17 dndll o A Al A8ES) i a/% Call 33.68 Al cilaws s BBl
Gll 25.21 dedl) cilas ) 2800 280 e Tas gsiee JS Load g lly a/% Gl
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4 gaad) LWL g A 50 a plad) Ale e daals daa

S L) Grnal) 2 00 Uga daal o) olade cigdall) ae 2026 ple 24 32l 48 Alaal)
@A,d\ ¢ Adarsha (2019) e o080 L o G8lghy 1aay cnlilall Allal) Anlul) 86T Jls
(2019)

Cum g pnal EOLaladl) 8 Tas Dagine (38 asms ) Cuelil giall ualially i)
Mn ) dabeally 2Ll Gilebeall (o JS /%0 Call (30.43 = 25.76) e Aasall adll sl 5
G dand ol n B el e claladl) 2L Tas gina 5 Jamy caitsill Je( Fe
Groall aliall dilaa) G LY Glld 8 Candl a5 cdgyaall Ol JS (g Asine
e Golsis 1385 28 L3N pe A3l Dalaall JS & )5l edansall 5als sall) Cppusat 8 Crea b
eSS ke
(Nozulaidi et al., 2016; kabesh et al.,1988; Potarzycki, and Grzebisz, 2009)

@V 824kase Shh (35 Agyaall DRI Gn dygine Gash sas lill cuell : k)
27.74 Laill cilans ua 10al Skl e o s5ine IS 217 Gl 30.96 el 4l s
b Al jualiall Al dlaial) 3 Galual) sl ) elld L cadl ags ¢ /% all
(2016) 5 (2009) slee o JS 083 L po (315 1305 ApaliY) Leilian (ppuuns

5 ohally BRI o Jelill b lan Lysine (3908 dsms bl Cujelal okl x bl
Cill 35.59 dadl) claw G SN 3L e i 824k kil G 48U ek
Jeldl) elly & Candl agey 85 (824kase )yall Al A8ESH Alaisdll 31.74 ) gk 2/
ibse Ohhall aa (S84 Sgall Jiadll e lgiads Qlbball gas (s 5okl ae CUEST oY)
alial) ALY Lelaiad (& 3kl cadlia) g dalual saag 4 bl e gl a2; 82
LAdlide QUES 8 Lhe))) die

malially Gl (g raall pualially (ol X CBESH AN o isal) U A gina (38 i ol
bkl Xgrall palially (3l X GUESY A 5kl X g el
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£ el 53 Coa G )l A ol 5l 5 S il (any (B Al ARSI 5 (5 sl pualinlly (B8 (2 s
Us jo b )5l mhaval dalie 8 Al 8USH 5 5 pall pualially (3501 L3l (5) dsea
o)l 3 A1 (e o3l skl (/26 all) a5y

Gl 824k 10aly Giliay) gy i
alially - L
. Y| Abagsd) [ S (=Y | w58 824 | 1l =Y Aagiall S8 i
al) suall
25.76b (1) | 30.43 26.77 24.03 | 26.80 23.63 22.87 27.08 24.43 28.62 25.20 23.45 aLa
29.70a 36.33 31.73 25.90 | 32.07 27.17 25.00 31.32 28.08 34.20 29.45 25.45 Zn
29.43a 35.87 31.83 25.23 | 32.03 26.93 24.70 30.98 27.89 33.95 29.38 24.97 Mn
30.36a 36.77 34.07 2593 | 32.67 27.10 25.60 32.26 28.46 34.72 30.58 25.77 Fe
29.34a 35.53 31.50 25.47 | 3243 26.70 24.40 30.83 27.84 33.98 29.10 24.93 ZnMn
29.42a 35.70 31.77 2593 | 3233 26.43 24.33 31.13 27.70 34.02 29.10 25.13 ZnFe
3043a 37.37 33.50 25.73 | 33.00 27.70 25.30 32.20 28.67 35.18 30.60 25.52 MnFe
30.39a 36.70 32.77 2627 | 32.87 27.17 26.60 31.91 28.88 34.78 29.97 26.43 ZnMnFe
35.59 31.74 25.56 | 31.77 26.60 | 24.85 30.96 | 27.74 33.68 29.17 25.21
2935 a b cd b c d(4) a b(3) a b c(2) baygiall
GallaY1* cSlalaall* Bl il eSlalaal) Gillal)® bl cdlalaal) * culblist) Gyl | cDlalaal) sy
1.000 0.999 <.001 0.968 <.001 <.001 <.001 Fbr.
4.535 2.618 1.603 3.207 0.926 1.851 1.134 LS.D.
9.5 CV.%

%5 A3 (5 sinsa Yo Ay sine 558 Lty 3 5 Y L pae Aglliia i paly de sl pall]
%5 AV (5 s Y Ay gina 538 lebn a1 Y L) dgliiia G alide giiall aill 4 3 2

bl ) e gl ABlal) Salal) aS)s 8 Al A3Vl g huall jualinlly (il .3

dumddial) ZAUSY) (355 s g yaall CHBES) (s Ay sinal) Alle (358 35y il ol s OIS
1253 dagil) cilaas A A 286K Lgali 20/ 1420.5 dadl) cilas Cam (LN 3L e
¢ Zafe 1104.5 Lagl) o A 4dld) 2SN e Tan goine JS5 L cigan il 20/
lilee aca 8 aals FEMNZN gpuall juabiall 8)gl) ()l o @lld 8 Candl agny N
2S5 Lo e G35 g ity (sSiy Sgaall Jiiall Glld 3 Ly eculall Jady 313l i)
.(Gobeze et al ; 2012)

g yall cDlelaall b dpginad) ddle (3958 25my ol Cujelal :gpuall ualinlly ()
lalaalls 2Ll Galaedll (e JSU 2008 (1340.9 = 1077.4) G Assall ail) Cing)s G
MnFe cleleall cilas LS aalal) e (858 cdllad) 288 s Gan asidl) e MnFe
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4 gaad) LWL g A 50 a plad) Ale e daals daa
A5 ) Guaal) 00 Uga daal ) lddie cahall) ve 2026 als 24 21 48 alaal)

sl Jial) 8o (ppund Wl b ol 35y 38 coDlalaall 4 e 858 ZnMnFe (Fe
Gob e clbilall Y jealiall oda dala) 2ol Cum WIAY gl (gy5 puall eyl Bl
33l b palud Al ecnliipully cihausnSl) Jie cAggaiaal) LSl iy 2l e @Y
Laliy) e b agn dinlie ey (raall pualiall g o6 13 cAilall saldly 4y peal) ALY
2SI (8 88 L) () saly ol Lm gl pansdl) 3o S (g (any 38 JB)sl) 1) (s e ieall 3,300
Parasuraman) e JS oS3 Lo ae 3l 1305 alial sall dlaye 8 dals cAalad) 5ol

Naidu and Venkateswarlu (2006) 5 et al., (2008

82akse bkl iy dwgpaal) Skl Gn Aygimall Alle 3308 25as gl Cpelal 2 3okl
%20 [ £ 12341 dedl o G Tl Dbl e 2o/ 1284.6 dadll 4 Sl (3
iglaial Grndy Sl e L) (B pal ualiall 03] sl GBudaill Gl (8 Cundl (gm
Gln Al il clilally A3)ae Zala)) salll oS5 ila b dlasale 50 ) ol Lee cAiaal)
o xS B3 () (533 Laa ilall Aanglsandl) 5o (e (leny 8 (Bysll BB (s« ealial)
Basay il sai Gpuad ) gan Gy ¢ Al saill Alage 8 dals Al saldl S)5
(bukvic et al., 2003) s)Sile ae G853 138 5 5okl Cigliia 56 aa (Jsanall

Ophally CBESH G Jelill 8 dygieall Adle 5958 dsay gl cyelal @ k) X ALY
A0 Z8L 5 1 Jusly Skall 1Y) 466N 20/8 (1486.3 — 1098.7 ) oo Asasall al) sl
A L 2l Shhll Geca GBESH (Lo dggiee (58 Gl el e 824kse )kl
Alass gial) 230SH Ay AllXSy 1 dulyy 824kase Giblall (o Allall A8GSH 4,010 (358 Jas
Sl Aaisial) 8BS Ll Gl il e gk 8240a5e ikl dunidiall AU < jelaf sal
¢Gohally KD o Jelal) & 500 N el 8 i a3 ¢ ZafE 1354.7 Ay 10wl
gl 2gag aa Aaliall Basg & Anlall A8ESY 30L) ae i g Jame e bl culadls Eus
Aalisall 5any 8 Aslal) ZESN 501 ce saill Jana 8 Dylaia) & Giblall o

okl XEDlabeal) X BESH ¢ DA o) 5y
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1 kel 3 31 cha 5310 A b33 3 3 S0 il ang (b Aul) ARSI g (5 jhual) pslinlly (B ) LY s

Oe bl (/g ) el sald) oSip 8 Al 286U (g praal) palially (51 530 (6) Jsan
;_)5..4]\ g)ﬂ\

Gl 824k 10uly okl bl )
ralialy | ey | Abagia) | S S| Aagall [ A8 | 82dhg | 10kl S| el | A8 L
(wual) iall
1077.4c | 1249.8 | 1077.4 | 1002.0 | 1093.9 | 1068.9 972.4 1109.7 | 1045.0 | 1171.8 | 1073.1 987.2 L
1232.3b | 1574.8 | 1237.7 | 1053.9 | 1252.6 | 12280 | 10469 | 1288.8 | 11758 | 1413.7 | 1232.8 | 1050.4 n
1246.4b | 1536.5 | 1268.0 | 1118.8 | 1307.4 | 1217.8 | 1030.2 | 1307.7 | 1185.1 | 14219 | 12429 | 1074.5 Mn
1338.1a | 1564.9 | 13289 | 1162.9 | 14239 | 13223 | 12257 | 13522 | 1324.0 | 1494.4 | 13256 | 1194.3 Fe
1240.5b | 1460.3 | 1240.2 | 1117.4 | 1387.8 | 1221.7 | 1015.4 | 1272.6 | 1208.3 | 1424.0 | 1231.0 | 1066.4 ZnMn
1250.2b | 1481.7 | 12515 | 1104.4 | 1363.6 | 1262.8 | 1037.1 | 1279.2 | 1221.2 | 1422.7 | 1257.1 | 1070.7 ZnFe
1340.9a | 1550.0 | 1353.2 | 1125.0 | 14916 | 1328.1 | 12223 | 13427 | 1347.3 | 1520.8 | 1340.7 | 1173.7 MnFe
1339.2a | 14727 | 13009 | 11975 | 1517.0 | 1341.1 | 1239.6 | 1323.7 | 13659 | 1494.8 | 1321.0 | 12186 | znmnFe
1259.3 1486.3 | 1257.2 | 1110.2 | 1354.7 | 1248.8 | 1098.7 | 1284.6 | 1234.1 | 1420.5 | 1253.0 | 1104.5 i)

a c d b c d(4) a b (3) a b c(2)
Cillal)® eSlalaall* cildlisl) Gillal)® eSlalaal) Cillaly)® by cdlalaall ¥ clitisl) | dilial) | cdlabeall sy
0.935 0.445 0.018 0.963 0.012 <.001 <.001 Fbr.
192.58 111.19 68.09 136.18 39.31 78.62 48.15 LS.D.
9.4 wv.%

%S AV (5 siase 2ie Ay gine (338 g 22 53 Y Ld gae Agiliiie b yaly de piball ol |
%5 AV (5 e die Ay gina 358 ko 2 5 Y Ll Agline o i de pid) 2l 4 3 2

(p/% /& ) (Aol Jiaill Lalil) Ala b Al ABUSY 5 (5 jhual) paliadly (1) i 4
s okal) 3,4 a0 ikl

Aadaial) 4GS (§ o 5 A 5 el BB (0 Ay simall Alle (55 58 0 g 5 piliil) Oyl s ClBUESY)
Al il ) Aldas giall BV Ll o 50/20/8 11.34 Aall il Cua (SN AL e
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Effect of Different Polyacrylamide Application Rates
on Reducing Soil Loss for Various Soil Textures

Under Simulated Rainfall
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* Assistant Professor, Department of Soil and Land Reclamation, Faculty of
Agricultural Engineering, Homs University, Syria.

** Ph.D. Student, Department of Soil and Land Reclamation, Faculty of Ag-
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Abstract

The research was conducted in the Masyaf region (annual rainfall: 1200
mm/year) through a field experiment utilizing polyacrylamide (PAM) at four
different application rates (0,1.2, 2.5, and 5 g/m?) across soils with distinct
textures (clay, sandy clay and silty loam) to investigate the impact of PAM
amendments on mitigating runoff-induced soil loss. The findings revealed the
following results: The 1.2 g/m? PAM application rate achieved the highest ef-
ficiency in reducing soil loss by 21% compared to the control in the silty loam
soils. Meanwhile, the 2.5 g/m? rate was found to be the most optimal for the
clay and sandy clay soils, decreasing runoff-induced soil loss by 18% and 38%,
respectively, compared to the control. Furthermore, high concentrations
demonstrated significant efficiency in lowering soil loss rates by 39% during
the second rainfall event (60 mm/h).

Keywords: Polyacrylamide (PAM), Simulated rainfall, Soil loss.
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Abstract

This study was conducted in collaboration between the Faculty of Agricultural
Engineering at Homs University and the General Commission for Scientific
Agricultural Research (GCSAR) in Al-Qamishli during the agricultural
seasons 2021/2022, 2022/2023, 2023/2024. The study aimed to identify the
traits associated with grain yield and estimate their direct and indirect effects
in two durum wheat hybrids (Triticum durum Desf.). The experiment was
conducted using a randomized complete block design with three replications,
using two hybrids: Duma 1 x Sham 1 and Sham 1 x Sham 5, derived from half-
diallel crosses. Phenotypic correlation coefficients between grain yield and a
number of phenomorphological and yield-related traits were estimated, and
path coefficient analysis was performed to identify the traits contributing most
to grain yield. The results showed that, in the first hybrid, grain yield was
positively and significantly correlated with thousand-kernel weight, biological
yield, and harvest index, and negatively and significantly correlated with
protein content. In the second hybrid, grain yield was positively and
significantly correlated with the number of grains per spike, plant height,
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biological yield, harvest index, and spike-bearing stem length. Path coefficient
analysis indicated that harvest index, biological yield, and thousand-kernel
weight were the traits contributing most to grain yield in the first hybrid,
whereas biological yield and number of grains per spike were the most
important contributors in the second hybrid. These results indicate the potential
use of these traits as selection criteria in breeding programs aimed at improving
grain yield in durum wheat.

Keywords: durum wheat, grain yield, correlation coefficients, path
coefficient analysis.
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daa O ) el 135 (0.811) &b 8 cm al¥1 (355 sbian) Jils bea A (e 5yl
il b Lpa) Alall 50l & Caeals 38 550l e s 580l Lalyiliy clall b dypal) Aal
pall Al & dlas)l iy Aaal spilall ey spiladl GlEE g aena dlis (V) Gungll
S G )5 dhea craale LS dgal) Al 30l 8 oyl o3a s Cua (0.799)
) aball e s 3y8lal) syl bl DA e I3 el (& i) 8 all Aal) 3L
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I Cagdl o AR A Lalgas) SY) cilieall Bpiliall g 8ydibaal) el L(3) Jgand

il Oalil) Jaa
dggal) Aa)) dda
0.425 sl sl
0.205 alaal) Jals dba A e bl e Al 1
0.181 da dl¥) o9 dda DA e dlall el
0.811 Slay!
Alaal) Juls dda
0.609 shlal) Sl
o Loal) A e A e pdlal) e Ll
0.143 - oL 2
0.047 da dl¥) o9 A DA G bl e AR
0.799 Alaay)
da Al 9 Ada
0.234 sabal) ity
b Anall A Aba DA (e pdball e il
0.219 - oL 3
0.123 alaall Juda dda JMA e diliall e a0
0.577 Alaay)

& lete U 8yl ey 5yalad) daalusall dpss i 23 AN laall 038 dpaa] A8 el
Shasll s daa G (4) Jsaad) 8 Al i) cuy CuaLclal) 8 dpal) Al opls

A dial st LB Al W dgall AR ol 3 (%37.03) A Gl
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P (e il 3 dyeall Aa daal il e 5 S5 (%18.04) @lal) & dysal)
P e bl 8 Lygall AR daal il ye S0 S5 (%17.42) sbasdl Jb dia
Qs dba A e slasl) Qs Faal palud) e L5 5 (%15.39) da G 05 daa
gsanall O bl i 1 (%35.49) ds ) g dsal Halal il A (%35.76) s )

(%99.14) &l 5V cmell ) 8 Gl A1) ol 8 licall o3 laalsd JKI)

S Cragll Al ol 8 Lalgua) JESY) clhuall dal) 4paa¥) . (4) J g

% Al d0aaY) aaail) Jalea bl Jlaa
18.04 0.1804 il b gl A8 diaa 1
37.03 0.3703 o) Jals A 2
5.49 0.0549 L QY 59 ddea 3
17.42 0.1742 saal) Jls A X Gl b Aygal) Al Aba | 4
15.39 0.1539 Lo Y o) A x bl B Ll Al b | 5
5.76 0.0576 A Aty o9 Ada X dlaall Jua dda 6
99.14 0.9914 A0 Al daal)
0.86 0.0086 Rial)

g.a'lfd\ Cmagd)
Uadl A 50 SIS T (5) Jsand) 8 damsall S Cmgll g el Jalaa il il el
Aall AR s 3 e ol £ &) ddias Aliudl 3 sl dae ddiag L) 8 dypall
Glall 8 dypal) Axll Al syalul ey sydlall Bl gaane il Cua el
Al ol A Al 3 Gsal) aae daal il e s 5ydluall @l 8l cal ey (0.836)
Ol A bl g i) dsal sualal e s siliad) @yl culSy (0.568) wlal) b dal)
s apilaall sl olas) (sl ) sl culal Gus (0.565) bl a dpal) Al

Al als Aulay) @il o dall Al 8 clacall 30 5504
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(G
il Ol uaa
Lgad) A% ddua
0.759 dleal) il
ué gaall e dda [3) E T R EVN | gV Jgﬁm\
0.137 y ) 1
PARI|
-0.060 aladl) g i) dda A e bl e sl
0.836 laay)
PR ‘“,A qgall e dda
0.303 sl st
o gl A dda PR e bl g 5l
0.343 i 2
bl
-0.078 aladl) g i) dda A e bl e sl
0.568 laay!
eldl) g i) dda
-0.136 dleal) ik
o gl ALY dda A e bl g 5l
0.434 -
AR 3
u_an gaall e dda A e pdilal) e J...Cim\
0.267 i -
Ao
0.565 Alaay!
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Cuiy Ean el Lpal) Al (pls 3 oliall o3a (e dbia S Aaalue A ¢y LS

A el dllial ) & Lypall A1) daal yalud) 500 G (6) Jsandl 3 Ao gal) il
dsal nyilial) e il Al gl ((%57.56) bl b dal) Al (pls 3 e lise
Dbl 5 W (%20.78) Al 4 gl sxe dda PIA (e bl dygal) Al
A ol 4ol il ddal il a0 5 ((%9.18) Aliul & gl e ddal
Gl g i) dia PIA (e Al 3 gl 22e daa 56 A (%1.84) clall & Gyl
cilall gl DA e clall 8 Lypal) Al dial il e L3l Lals (%-4.72)
clall 8 dpal) AR Gl 8 (%75.59) claaludl odgd (KU sl 1S5 ¢(%—9.05)

.g,_’.t'd\ Cpagdl
S gl Al ol 8 Lalgus) iSY) cilhuall dpatl) 40aa¥) .(6) Jgaad
% Al diarl) 2aail) Jalea Ol uaa
57.56 0.5756 cladl) g,é dgguall A3 A
9.18 0.0918 FATA| L;A qgall e dda
1.84 0.0184 ) g i) A
3 Qgaal) e dda X dggal) ) dda
20.78 0.2078 o e
FIRR|
-9.05 -0.0905 ) g i) dda x dggall Al dda
W) Al x At b | 2 Ada
~4.72 ~0.0472 e tial ot e
bl
75.59 0.7559 A8 Apadl) Apandy)
24.41 0.2441 (Rial)

Conclusions claliiiuN)
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calasll Jilys dysanll ARl G engl) 3 cilaall aal i Lty «J5V) cpmgl) 3
Alid) Jala Johy Al & Cogald) ae Ol g il Lad (gyine Lol ae

L5l ol da GV (s aland) Jidag dggeadl Al o g pal) Jalae Jilat jelal -3
Clall g il Alaadl (& Gigal) 2aes dygal) Aall OIS Law (J5¥) Oangd) (B pilia
Glaall ye liall Gand 5ile e @il g ae o B Cmgd) 8 il i
(s AY

Ol & A G g5 alianl Qo dygeal) Aal Lpaal gpall Jalae Jidas ST -4
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gl AR el Alan) uleaS Lia ol
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SV Gliall aas die Ll EDlalae caila s pall dalae Jila alasind =2
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