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JS 850435425 ) ol 5 clebead) apen lgle Csing 5)3 36 aalall dlebed J5Y) avsall 3 55ill 2ae Jaugie &y
Uabee 353 49.5 cuald DL aladind (sl (gsine J< Candily ¢ gl e aaal) by ulail) il ilebes (g
G JST Al poall e Jlays asmy Las cBlelaall paen e chin all apal) Dl Alalae 8 5% 53.5 5 Guladl) s
al) cf cas Koksal ef al, (1999) 4l dha s Lo poe 43l 1aas bl A gl cillenl 3 (uladlly aaal) (g juaic
AT Ay SN Al sl dae 8 5aly ) aaadl OGS

(sl o uladl) By apaall edlpd ildes e JS3)3 44,55 50.5 )5l axe Jawgia by i B ausall 8 L
(5 Jsaadl) Leiw Lasd dysina (3508 2525 050 COlabeall paan o Glilabeall Glla g Cua

A gaal) Aladly 4y ) ABY-5

Lalee o Dlelaall pen e cuigin i) apall CDLS Alalaa 3 Garal/p 1.81 U1 ausall 843 4 e Laa ]
Glily Garalft 1.59 waall il lelea J8 8)pears Lagiar Lasb Gysine (338 35n5 (135 panalf§ 1,73 Guladl) 3l
Sharief and »aS1 Lo 13y Legin Lo Lysina (3558 255 (990 Liady (6 Jsaadl) aalall dlebes e Ganal/g 1.53 uladl
Sy L Aalisa) sang 8 Al AR e o) saa e juaie IS alailly aall g raaie 3ila) of e Said  (1998)
i e JE el Ale (e 3l (Sl ualiall pe aikialls @lijlly aaal) A} of (e Khalil and Kalifa, (1991)
%58 A

al S gie dlige Jo¥) mussall LS cdlaladl) 4y e (ulail) DLy aoall e Uilelaw Cgin 28 S asssl) 3 L
Oy apaald) lilug Galadl) il alal) cllee (e JS) Garalff (192 51.84 51.61 51.52 5 1.4)a 3
(6 Jsaad) s o aaald) cBlpdy (ulail

i gy (Dlabeall Ay e ganalff 15.45 iy JsV) ausall 3 ol cDld Alabae (3568 Jan o) Ay gnll A2 Al o s
11.98 apoal) clilusg Garal/p 11,93 Gulail) cililas dlebee e paral/g13.45 cualy ) uladl) eDd dldles
Sharief and sassle 1345 cjapal/é 9.84 2Lall dldas o GlliSy cagin Lo Aygine (5558 gl Laadly o) 3 (apalff
el g 088 S agall 3 Wl e 81 sae g Aygall Alall 350l ) ol Las Guladlly apasll A3La) ey Said, (1998)
gy ¢ bl Lygal) llaall b alel o)50 ) hans e IS O laa) gpen e (analfE 15.64 aaall e

Khatib et al., — Syrian Journal of Agricultural Research — SIAR 7(4): 192-205 August 2020




201

2020 bl [/ 205-192 :(4)7 Lol Eisanl) Ly gudd) Unall — (g A5 i

Logmoimpn) Lagia 520 bl ki ol Il agaal) clilsy Gulaill clilas dlalas e (gyina JS0 (ulaill @Dl Alelas

~aLal) Alelee cps Laghy Lsine o8 (51 s ol el gan Ao o i)y Sl 450 Cag L)
o) (b i ) sandl) s b (Uasal/f) 4 sl s 4,0 A 6 J sand)

saral/g iy pall ‘\h—“ saral/g 3,0 ?Uﬂ\‘ Sl
S s gall Y s sall S an gl Y o sall
°11.51 99.84 ‘1.4 °1.39 alall
°11.92 °11.93 b°1.52 °1.53 Cu SO,
°13.19 ®13.45 ?1.84 .73 Cu-EDDHA
12.22 °11.98 °1.61 ®1.59 Fe SO,
915.64 215.45 71.92 21.81 Fe -EDDHA
0.842 1.32 0.189 0.13 LSDO0.05
feranil) Julal)

Laa o1 28 (7 Jsaall) coliall 2881 Ay yaall clebaall (g ysine (3308 dsms Apaill camspal casanill Julatll il Caiy
Leali L cdlalaall Ay e cudgin all agaad) el dlebed) e (0plalls e3a 5.23) Ayl 8 2 Ll apall gtine e
LS canlilly (pulal) il ilebea o 156 Lagdl V) Aysina (358 Lagi Jaady ol ) Gl s apaal) cilils ilelas
1.13) Cslall Dl Aalia) wie a1 585 e aag) i Gyl 3 - Gl Guladl) Ll Laalil) e Gulail) culils dlalas < i
Gl Gulail) L Curly G cdysina (358 Al Lgin Lad o ol 5 Al 0 Llaall 288 le clldy 48 e ((oalally 230
e ulaal) iy sl s g agaad) elilig 2a il B llaa e JSI @llhg ¢lall e3a 0.86 <0.85 <0.82 «0.79
il Alelea 8 Galally a 30.43 5 L) Aleles 3 ol o3a 29.72 aall 585 &l a8 clal) Aol 3 WL sl
Clile labaa (p dgsine (3958 35a5 Laadly ol Lol o COlalaall 48y o8 Laty Lagin dusine (3958 3935 (450 el
eya 33.74) sl s (sl s 31.63) sl clibe Jlelaa Y el e5a 30.73) Gulail) Dy Gulasl)
Lansd ol 8 apall 558 45)lae saly L aal) il e apaall DL i LS culatll Jilalee e Wi 8 (sl
25.35 bl Aol & uladl) 385 il )il al e bl daal & aaal) 585 daial cipels ) il e Gl
(Ofitall WIS 8 Cabaall ppan o gl Al (ulaal) <8 Alales G @lldy sl o3a 23018 sndl s oslally 30
) Al 3 eladl) 385 (e IS Galally e3a 18225 520,51 iy (55 aalal) dlalea 3 ) Gulaill 385 0IS Ly

(7 dsal) s e sl s

Ao 31 ramiga DA A g jaal) Apaliiy) g A guadd) ciliiall aanill Jaladl) 7 Jgaad)

zud Fe ‘ ziCu ‘ <l Fe ‘ sdl Fe | eldliCu ‘ 2SMICU | Agges Al ’ JJ-‘-‘ GJs s | s S
Gl 55 oaxal/t
4.75d 0.79b 29.72d 34.23d 20.51d 18.25¢ 10.68¢ 1.40c 38.0c 28.8c KTYRA)
4.86¢ 0.86b | 30.43cd | 34.7cd 21.68b 19.92b | 11.93bc | 1.53b 42.8b 31.0c Cu SO,
4.99b 1.13a 30.73c 34.97c 25.35a 23.18a 13.22b 1.78a 495a | 34.5ab | Cu-EDDHA

Khatib et al., — Syrian Journal of Agricultural Research — SIAR 7(4): 192-205 August 2020




202

2020 bl [/ 205-192 :(4)7 Lol Eisanl) Ly gudd) Unall — (g A5 i

5.06b 0.82b 31.63b | 35.72b | 20.85cd | 18.73c | 12.10bc | 1.59b | 43.5b | 32.0bc Fe SO,
5.23a 0.85b 33.74a 38.22a | 21.36bc | 18.99bc | 15.55a 1.86a 52.0a 36.5a Fe -EDDHA
1.17 0.7 0.566 0.899 0.234 0.109 3.393 4,224 | 0.137 1.446 LSD 5%

28 ¢ Guaall by oY) e el o bl daal S 450 8 6 lsu Appadl) jualiall 3815 3 daalsll (555l el
O Adalee o liuly Al COlleall adine o @lldy Adgie aall e Aldee 3 (36.5) gsuall sae el dass

Laadly o) Laiy ¢(28.8) walally (31.0) eladl) il ldles (e IS Ao 3aY) Alaleall cidsii 35 138 .(34.5) Gl
52.0 il psill ae Jef of Lo bl cany cnigin il (32.0) aasd) il 2 lelas (s Lebn dasins (3358 252
Gord oseds 090 il COLlaall e Lo Glallly ¢ Jgil) Ao puladll aBlpdy apaall adld Alelas (e JS (8 49.5
Lisina (358 3525 03 (38.0) wlall e (42.8) (el cliluy (43.5) maadl cliles ilelas g LS | Lagi 4y 5ina
il Aelad ¢ 1.4 Gara¥l & ol ()5 Jangie gl Cum ol () Rhaa 8 55aY) bl aie (adi Jaagl L Legiy
paxid) (5ol Lygina il LS ¢ i) e aaall culilig Gulatl) clils Jilalas 3§ 1.59 5 1.53 L (s5ine S iyl
oaralff 15.55 sl ALK cualy Alanaly . st o Lagie ST 1,865 1.78 b apaal) ey (ulaill eyl
13.22) il dpgen A€ Lo gy pulal) DS Alolaa Leali eBlabaall asan Ao cllhy 48580 apaal) EBS L) ol

apaal) lile EDlae G Laps Yy (pal Lygine (3558 25a5 oDl Laiy s aa L) Alales o Glldy 48 i (analfg

(7 dsaad)) (asalfg 10.68) alills (Ganal/p 13.22) Guladll clilus (Ganal/g 12.1)

sela i)

Gl 3 LA jaalie s L) A DL 8y semy ulally aaall gpaie dilia) e (uaell Gl dygine Dlaiad d5ag Jangl

Al 8l Heall (A5 lall (& paliall oda oSI5 ) COL 8y peay ulaills sl i)

s el e 35305 Jaa gl LS L uladl) LS i) e dygealls Al Al 50l 3 sl DL dila) cidgi L]
B By ey (elaill Adla) e (gsine JSI COLA By peay aal) Al) A (eaall Clo e 53)

COLLS Alia) vie %23.8 5 aaall cBLLE Alia) vie %45.6 (e gall Javigial Aygaal) AL 4 il dpis sly L2
LAl 4jlae el

A Candiy)y can LAl Ljlie Mgl e vall cililug elaill culilis dala) ie %13.6 ¢9.3 Ay 400 4lal) cly .3
2Ll ae A3)lee paal) e A8l %32.9 5 eladll edls Ailal %27.1 ) ol

tluagil)

et (o alai¥ly AAl 8y pually Apnlll il () hal) Guasll Gl () Gulaally apaal) (g aaie Ailaly moal

Lol pH g lay) A A5l 8 yaaliall oda s (Sl (e aliilly 220 5Ly Jaf (e paaiall dglaluad) LS sally

cgpall paliall 8 Gatill (e

saalml)

Aaiin 330 (i daals clypdia ciglial)l Jualaall Laslsid .(1996) e (il

Khatib et al., — Syrian Journal of Agricultural Research — SIAR 7(4): 192-205 August 2020



203

2020 bl [/ 205-192 :(4)7 Lol Eisanl) Ly gudd) Unall — (g A5 i

V) Cagyln 8 il spendll Gaaal) Gl e (s Lol — sl — apaall) 50l jealiall 5 3 (1993) she «gysae
Aniia 200 s daals e )3 dunigll $S L a1 - Slaialy Ayl s Lolygi€0 dag ylal Ayl

LI ala Al i = Leall g 3all el 4305 dsadll L(2012) Loy daaly paliad cliag ndysa 3l xey diie (gsae
54 5 41: 4a diel)3)

a5 Bhlial cluhal yll 3K gysadl padl Sl 8 alY) Cagials dgysadl 25 Ay A L (1984) Gl deas gsile
.(ACSAD) .l

24002 e )3 duigd L (i) daala )y siite Ll B30 45 Aypad ((2011) adiad jrams dgens base

Ll Al alysiline — grdaill ejall calall 45305 L5l L(2012) @osae Bhaies w1 aes (il ae o g Al
193 a —de)y3)

Apge ¢(Bliad chaghadilly clas¥) dypae . e ))3 Z3lalls Ao )3l 85 - (2016) dpsid) 4o )3l Aplan) de sandll

Alpaslan, M.; and S. Taban (1996). Zinc-iron relation in rice (Oryza sativa L.). Ankara University J. Agric. Sci.,
2: 43-47.

Arshad, M.; Murtaza G., Ali M.A., Shafig M., Dumat C., Ahmad N. (2011)- Wheat growth and phytoavailability
of copper and zinc as affected by soil texture in saline-sodic conditions. Pakistan Journal of Botany, 43
(5), 2433-2439. ISSN 2070-3368

Barker, A.V.; and D.J Pilbeam (2006). Plant nutrition. Department of plant, Soil and Insect Sciences. University
of Massa, Chusetts. Pp: 293 — 328.

Bobrzecka, D.; D. Domska; and A. Krauze (1992). Plony ziarna oraz jako$¢ biatka pszenicy w warunkach
dolistnego dokarmiania azotemi miedzig. Mat. VII Sympozjum ,Mikroelementy w rolnictwie”,
Wroctaw, 16-17 wrzesnia. Pp. 202-205.

Bouyoucos, J. (1962). Hydrometer method improved for making particle- size analysis of soil. Agronomy
Journal. 53: 464-465.

Bremner, J.M.; and C.S. Mulvaney (1982). Nitrogen total. P. 595-624. In: A.L. page (ed), Methods of soil
analysis. Agronomy, No.9, part2: chemical and microbiological properties, 2™ ed., American Society
of Agronomy, Madison, WI, USA.

Chaoui, T.; M. Zibiliske; and T. Ohno (2003). Effects of earthworm casts and compost on soil microbial activity
and plant nutrient availability. Soil Biol. Biochem. 35: 295-305.

Drouineau, G. (1942). Dosage rapid du calcireactif du sol. Nouvellesdonniessur la reportation de la nature des
fractions calcaires. Annals of Agronomy. 12: 411-450.

FAO, (1982). Statistical Bureau of the Food and Agriculture Organization of the United Nations.

Ghasemian, V.; A. Ghalavand; A. Soroosh-Zadeh; and A. Pirzad (2010). The effect of iron, zinc and manganese
on quality and quantity of soybean seed. Journal of Phytology. 2(11): 73-79.

Hesse, R. (1971). A text book of soil chemical analysis. Chemical publishing Co. Inc. New York, USA.

Ibanez, M.V.; F. Rincon; M., Amaro; and B. Martinez (1998). Intrinsic variability of mineral composition of
chickpea (Cicer arietinum L.). Food Chem., 63: 55-60.

Kabata — Pendias, A.; and H. Pendias (1992). Trace elements in soils and plants. 2 Edition. CRC Press. Boca
Raton, Ann Arbor.

Kale, R.D. (2002). Vermicomposting technology in India: An answer to shortages in nutrient supply. In:
Earthworms in the processing and utilization of organic wastes. (Eds: C.A. Edwards) J.G. Press, Prism
book publications.

Kamprath, E.J.; E. Collins; and A. Cox (1965). Trace elements for North Carolina crops. North Carolina Agr.
Ext. Cire. 455.

Khalil, N.A.; and R. Khalifa (1991). Response of lentil (lens culinaris Med.) growth and yield to macro and
micronutrient application. Bull. of Fac. of Agric. Cairo Univ., 42: 701-712.

Kobraee, S.; K. Shamsi; and B. Rasekhi (2011). Effect of micronutrients application on yield and yield
components of soybean. Annals of Biological Research. 2(2): 476-482.

Khatib et al., — Syrian Journal of Agricultural Research — SIAR 7(4): 192-205 August 2020



204

2020 bl [/ 205-192 :(4)7 Lol Eisanl) Ly gudd) Unall — (g A5 i

Koksal, I.; H. Dumanoglu; N.T. Gunel; and M. Aktal (1999). The effects of different amino acid chelate foliar
fertilizers on yield, fruit quality, shoot growth and Fe,Zn, Cu, Mn concentration of leaves in williams
pear cultivar (Pyrus communisL.). Tr. J.of Agriculture and Forestry. 23: 351-358.

Lincoin, T.; and E. Zeiger (2002). Direct, residual and cumulative effect of copper and organic manure
application in Maize — ground nut cropping system. Journal of the Indian Society of Soil Science.
50(3): 315- 317.

Lindsay W.L., and W.A. Norvell (1978). Development of a DTPA soil test for zinc, iron, manganese, and
copper. Soil Science Society American Journal. 42: 421-428.

Lombin, G. (1983). Evaluation the micronutrient fertility of Nigeria semiarid Savanna soil. 1-Copper and
manganese, Soil Sci., 135: 377-348. KA

Malakouti, M.J. (2008).The effect of microelements in ensuring efficient use of macronutrients. Turkish journal
of Agriculture and Forestry. 32(3): 215-220.

Mcleane, O. (1982). soil pH and lime requirement. p. 199-224, In: A.L. page (ed), methods of soil analysis, part
2: chemical and microbiological properties. American Society for Agronomy, Madison, WI, USA.

Okaz, AM.A.; E.A. EL—gareib; W. Kadry; A.Y. Negm; and F.A.F. Zahran (1994). Micronutrient application to
lentil plants grown on newly reclaimed sandy soils. Proc. 6" conf. Agron., Al-Azhar Univ., Cairo«
Egypt, Sept. 2: 737-752.

Olsen S.R.; C.V. Cole; F.S. Watanabe; and L.A. Dean (1954). Estimation of available phosphorus in soils by
extraction with sodium bicarbonate. U.S. Dep. Agric.Circ.939.USA.

Pendias A.K.; and H. Pendias (1986). Trace elements in soils and plants. CRC Press, Boca Raton, FL.

Richards, L.A. (1954). Diagnosis and improvement of saline and alkali soils. USDA Agric. Handbook 60.
Washington, D.C.

Salwa, A.lL.LE.; M.B. Taha; and M.A.M. Abdalla (2011). Amendment of soil fertility and augmentation of the
quantity and quality of soybean crop by using phosphorus and micronutrients. International Journal of
Academic Research. 3(2): part 3.

Sharief, A.E.; and EL.M. Said (1998). Response of lentil (lens culinaris Med.) productivity to phosphorus
fertilizer levels and some micronutrients Proc. 8" Conf. Agron., Suez Canal Univ., Ismailia< Egypt, 28-
29 Nov. Pp: 326 -334.

Singh, A.L. (2001). Yield losses in groundnut due to micronutrient deficiencies in calcareous soil of India. In W.
J. Horst, Schenk, M.K Buerkert et al. (eds). Plant Nutrition—Food Security and Sustainability of Agro
ecosystems. Kluwer Acadmic Publishers. Printed in the Nether Lands. Pp: 838-839.

Verma, P.; and S.N. Panday (2008). Effect of integrated organic and inorganic fertilizers use on uptake of Zn
and Cu and growth of lentil (Lens culinaris Medic) plants. Res. Environ. Life Sci., 1(2): 53-54.

Walkley, A. (1947). A critical examination of a rapid method for determining organic car-bon in soils: effect of
variations in digestion conditions and of organic soil constituent. Soil Science. 63: 251-263.

Warechowska, M. (2009). Wptyw zr6znicowanego nawozenia miedzig na zawarto$¢ miedzi i biatka w ziarnie
pszenicy jarej. Zesz. Probl. Post. Nauk Rol., 541: 449-455.

Whitehead, D.C. (2000). Nutrient elements in grassland: soil — plant — animal relationships. (AB1, Walling Ford,
UK).

Zeidan, M.S.; M. Hozayn; and M.E.E. Abd EL-salam (2006). Yield and quality of lentil as affected by
micronutrient deficiencies in sandy soils. Journal of Applied Science Research. 2(12): 1342-1345.

Ziaeian, A.H.; and M.J. Malakouti (2001). Effect of Fe, Mn, Zn and Cu fertilization on yield and grain quality of
wheat in the calcareous soils of Iran: In W. J. Horst, Schenk, M. K., Buerkert et al. (eds) plant
Nutrition—Food Security and Sustainability of Agro ecosystems. Kluwer Acadmic Publishers, Printed
in the Nether lands. Pp: 840 -841.

Khatib et al., — Syrian Journal of Agricultural Research — SIAR 7(4): 192-205 August 2020



205 2020 (b [fci/ 205-192 :(4)7 Lol i Epall Ly gl Unall — (g 43 5 i

Comparing Chellatic and Sulfuric Fertilization by Fe and Cu
Treatments on Lentil (Lens culinaris L.) Productivity Grown in
Calcareous Soil

Mahmoud Khateeb™ Aziza Ajouri) Yousef Khoudary® and Ahmad
Shams Aldien Shaaban™®

(1). Soil Science and Land Reclamation Department, Faculty of Agriculture, Aleppo
University, Aleppo, Syria.

(2). Department of Biotechnology Engineering, Faculty of Technical Engineering,
University of Aleppo, Aleppo, Syria.

(*Correspondent Author: Dr. Ahmad Shams Al-Dien Shaaban
shaabany57@gmail.com).

Received: 27/01/2019 Accepted: 15/04/2019

Abstract

A pot experiment was carried out at the Faculty of Agricultural Engineering,
University of Aleppo, during the 2016/2017 and 2017/2018 seasons in order to study
the efficiency of fertilization by Fe and Cu on the productivity of lentil, variety
(Idlebl) on calcareous soil. Completely randomized block design was used with five
treatments: Copper sulfate and copper chelate with application level of (2 kg/ha), iron
sulfate and iron chelate with concentration of (5 kg/ha), and control. Lentil plants had
significant response to Fe and Cu when added as chelate. Fe concentrations in soil
were 5.21, 5.04, 4.39 ppm for iron chelate, iron sulfate and copper chelate respectively,
these treatments had superiority comparing with control. Highest concentration for Cu
in soil was 1.18 ppm at copper chelate treatment, and it had a significant difference
with other treatments. The concentration of Fe in plant tissues varied between (29.98-
33.34 ppm) at first season and between (29.46-33.99 ppm) at second season. Whereas,
the concentration of Cu in plant tissues varied between (20.59-25.25 ppm) at first
season and between (20.42-25.46 ppm) at second season. The concentration of Fe in
seed varied between (34.45-38.32 ppm) at first season and between (34.02-38.13 ppm)
at second season. Whereas, the concentration of Cu in seed varied between (18.35-
23.16 ppm) at first season and between (18.15-23.20 ppm) at second season. Also, the
mean of two seasons showed highest increasing in biological yield (45.6%, 23.8%) for
application of Fe chelates and Cu chelates respectively comparing with control. The
grain yield increased by ratio 9.3, 13.6, 27.1 and 32.9% for Cu sulfate, Fe sulfate, Cu
chelate and Fe chelate respectively compared with control.

Key Words:, Fe, Cu, Chellat, sulfate, Lentil.
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