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Table 1. Geographical characteristics and soil series (USDA) of the experimental sites

Location latitude Longitude Altitude Soil Series
Degree Minute Second Degree Minute Second (m)
Oshnavieh, Fine-Loamy, Mixed, Active
Hassan-Ahabad 36 59 3161 45 07 24.36 1435 Mesic Typic Calcixererts
Urmia, Faghi Fine-Loamy, Mixed, -
Bial ' 37 39 32.41 45 01 07.98 1345 Superactive, Mesic Typic
gloo
Haploxerepts
Urmia Fine-L_oamy, Mixed, .
Taleba'bad 37 28 49.06 45 12 31.84 1282 Superactive, Mesic Typic
Haploxerepts
SbejT 12l oo S oluowd 9 (o 3d GBSy S0 -F Joux
Table 2. Some Soil physical and chemical characteristics of the experimental sites
Location
Properties Oshnavieh, Urmia, Urmia,
Hassan-Ahabad Faghi Bigloo Talebabad
EC. (ds m?) 0.57 2.15 1.63
pHs 75 8.2 7.8
SP (%) 52 50 61
Clay (%) 32 29 28
Silt (%) 47 35 46
Sand (%) 21 36 26
Soil Tex. SiCL CL CL
OC (%) 0.89 1.32 1.07
TNV (%) 20.10 18.05 10.40
Pava (Mg kg?) 7.60 16.76 9.50
Kava (Mg kg™?) 160 230 310
Fe-DTPA (mg kg) 3.90 4.72 7.78
Zn-DTPA(mg kg™t) 0.62 0.93 0.57
Mn-DTA(mg kg?) 4.80 7.70 6.70
Cu-DTPA(mg kg?) 1.70 2.06 3.18
o3l (5l slond )3 ooliiasls 90 (5395 gsbio 3 polie ¥ Jgur
Table 3. Fertilizer amounts and sources used in the experimental treatments
Urea Triple Super  Potassium Zinc Humic Zinc
Location Treatment Phosphate sulfate sulfate Acid sulfate
(kg ha'l) (kg 400LY)
Oshnavieh,  Conventional method 200 200 0 0 0 0
Hassan-
Ahabad Optimum fertilization 180 135 150 20 2 2
Urmia,Faghi  Conventional method 200 100 0 0 0 0
Bigloo Optimum fertilization 140 0 115 0 2 2
Urmia, Conventional method 200 150 0 0 0 0
Talebabad oy i im fertilization 140 100 10 20 2 2
(Erdal et al., 2002) o acwlre Jgo sho con Shepasd wls jo Sd al clale g Sosll gl
slp cile Slio gl bosls )bl Julowigay 2 Glae S8 ool Jolora 5 Jloy /Y S0 IS
Jlis! o ;0 SPSS l580e 5 5 eoliiwl b 5 yg05] ( Haug & Lantzsch, 1983) z;o¥ 3 Sea b,
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Figure 1. Effect of treatments on wheat grain yield in the experimental sites. Similar letters indicate no
significant difference at 5% level.

(S e 90,5 o o0 B el i (e 4 3958
Bya o il O5 and gy b aS Wb opl p ez
OBl cge (29,50 (o 1)) o (2138 o Le Jolate
0)9.0 )o 6@9.0.{‘- QSQL?" 9 00— rm.b.f ‘_;)L.im Q)S.L:..c
O 2l olie By s )5 w8l sla b,

(Salim & Raza, 2020) ool a8l ) o155 5las
30 45 Cawl dgpuiin Wls () Jguz srosls sl 5
9 0)5‘ 6[&&95 d;..;ao )JQLRA dl)]uJUo 6L'-—-’5)
@iy a gl el )3 oli il g
Sl 4 s S 0 p ST O 570 la e
979 o yale (pizme D9y i 355 A By
Eoly By Jlesd 55 59) Slls 51 S 15 (55 dgueS
Goape &SS90 53 bl pl o 09 oo s ool |

M

J).»AA l.: aS Cawl ools QLMA.J )9.“.\.5 J}‘O o > By
Gyl ae jebay pan S o L So o Slac oS dAs g
spl—w ;o (Malakouti et al., 2004) Wb oo il
ade a3l 10 065 Joleo Bpa w il s oygi S
Wang et) ;,Sen 5 Kl .cul ool 35155 pasS
=2yl 30 055 Ay B yan L as wudly o (al., 2009
Crpido > Cand gz jeinS )0 paiS LS Cow
paal ails o Slae (o (g lolire yiol3dl 5 <lai )| b S
ubl&oﬁg‘*@yﬁ&u&@lg A odali o
5 OB Lol b,l55 s yeiS 4o (Behera et al., 2007)
8 a0 45 Wdges olexe (Tabak et al., 2020) 1, Sen
Jyaze a5 5 (o5 0 ,Shee (Rl ed 255 e
5ol Jyame olaill g adoa adsi coge oS
|) LQOjS L9, J)..A.a)" G.ALGE.WW.») u‘)la?
SEyacaS wdl o ol ae s e S S



VF-N QL«.M«.O) ‘fo)Lo..'L A’QJ?

S o5 Gladss

(LS jo 0 S5lS Ve VA) 2S5 Gl 8l G i
DS ial8l cl ol saalic e oSy 85 gliw 5 50
dihie a s po SB JT S Sl 5l 56 el
Ol 39,5 o0 odalie | Jgoz ;5 a5 (Lzres 0l
5 LTI slabin 5) 4 Comns S0 ol 0 ST 058
e S JTolge a8 Sloxl 5l g 00gr yitn oLy
ST G5 oo Sl ST 50 Qe LB 03950 el
Ol 0 S @iz B (oo (3955 ad e Sl
gy 2y cails 0 Slac o1 3E ad g 009 oy
039 oMl el axdly (Aal381 IS ()59 4ty
3 pan olF 0 055 Jolaie 8, me az s S
Manzar-ul-) cewl oo )58 paddos plaw lawgs
Alam et al, 2005; Satyanarayana et al, 2002;
Az o Gl o Slee iol380 (Shirazi et al, 2014
e gt o e s L 55 gy By
g B yae Ol golazdl Sl b, Wb ol by

25 8 ke Jpame algs 5
2® P g8 ¥ gaze (oond @9 p Sdlop (et la
okS 5o 39790 (33l b g oolatdl slagy 5 o
el p e jles H3U og o pme oyls SV

‘o).g

dge 033 po ol i 13T porda o
sloplasl 4 o asls o i 928 ail,d 0 oo ades
Ol sty aS ols (s bl cul paiS i,
e li S0 8k g0 j0 olKy 88,0 059, 2!
Loy axd 5,15 o lews il cons Jy—amo ol
oLl g LTIl slabiwg, 1o 595 digs &, as
aS lores (V) JSi) ols las ilibl oo ) oF/ - #
SLTcdl sliwg, ,o ialdl ol i 95,5 o ala>dlo
ol Sl sl nl 0g obTor i (sl 5l 2

0 ,Slos wiz 2 365 Al By e b aS cowl Cadly
9 48Ltal38 bl by jo GBI (55 5 4l
bl s als o e ol38l p Jled ) (isu 5
S y0 S 4 ez Ce | 005y oS IS (359 5 0]
y—olie 0g.aS L aS 5l)] 0 055 Ay B, a0 aS
() Jguz) wlazlye 59, 5 yam 8 (950 Wil l3e
als Jpa e odgi 9 taly o ]y 50 i
Jeeily @ (ol S5l Wl oo ol (nl g 23S
50 Olis pae 0l Cueal Sl Jy—ame oy

AY

(2l yolie iy Bpan jled )0 b g ()90
oty elS olie lasls el auilys Lo cpl
a5 Gl ol i B e g el olie
pas aine)yd plies @l Cowl 0399 13U o Jpaons
yolie Lo p ol Bran b puss wls o, Slee il38l
(Guittieri et al., 2005) )\ Kan 5 5555 Lawg olde
Al loola il pgo ST Lol oo 138 55
s 50 slealosS Syso sl b olyen Sinsen
Khanetal.,) ;Ko o )l .o | 055 digy B ras
g Szt | S G yne 4wl s (2018
Lo Ll as ansS als o ,Slee (oo ¥+ iyl
A3s,S i)l38 5. (Izhar Shafi et al., 2020) )l Ko 4
Pz 2D Gl es Seaged apsl Sl esliul a8
JESe 50 p 5 LS YYYA Sl pusS ails o Slos o d
JESe 50 0 5ol YT 4 (Seaged sl (y30)
el o5 (elge any o0 S5 4 alplis ol o9l
Coley p Jeiine Gl ool S als o, Slos Sgugo
5 peo Ly 5yl (039,505 (6955 mlie Brae o oilyS
(S o, 055 By an (5,lg8 g, 5l eolan ]
5 S>3 59, 09meS Glrex slp 59y Sy B pan
3 polie S0 Sgga sl Sogea sl 5 oslinn]
el 0391 355 Ay By—an jlod jo 4y bae
5] Sl 5285 (5355 iy el 3 eoliial (ol
095 gy Syman lass )3 S gpidol> Coxsg
ok 56 Wlg e 8 518 solaiwls g
oalS bl a bl Je—ame o8 8 ,Ses ul8l 5
4 S Aty S pan jlod 0 dijgyis sloogS B rae
s 5 5 8 bl slop e sl &5 e
9 SR o 0 SslS e g £ Vel 4 oL
FO plp oy 5855 slo e 5o 0508 068 (5l
Bpas o Jy 485 Oyp0 IS y0 0 SokS B ) -
9y Sllgu 5 Seoged Sl o by Sligus (slassS
Srpl—ol> Cun b9 b)) ) e LS cnl o
)3 S il ol Coxdg Sengs gl S
ploil 4 pass olae slo sl el g sl das oy5les

(Y Jgo) conl ons
labiy) ;5 595 aige Byae b 5 oS A5 (35
Jolee iy 4 bl 5 oL Il Sy a8
(Y JSCs) el Liglsl oo ,s VISV 5 VYT A VIOA



v S ol cy e S5

&0 GpSamal G Oleee L gbar nlpli
Gplols coasg a5 o5 S s Y|
039 S8l 058 any Bran 3 W 10,05 1 6 e
Db ails o Shee o] bl iy pasS IS
9 ke o Caw 15L0 90 aia) l 5o (g5 1 DliReS
Olye &5 250,85 L (Salim & Raza, 2020) L5,
Wy paS 03, Galisee Slio 095 B an sl

Lol Sglaie S (g ol maw 4

S (88 Glwg) jo e bl el b plales
Slos a8 Sl Codly nl Sl bl plw SO
515 hagy &by p (5 yim il 055 alge Byan
Jdo e 4 g (Y oV JB) ails & Slae b ]
@ gex, b aland S5 oyll WS S o byl
Cx—bg 4S5 005 o bl _ul o )V Jgus
)QQQ&ABQQWJQ&AQ%UOJB&)'WB

2,00, g Ll 5o jand Ll osiga

10000 -
a
9500 A
a Il
R
—~ 9000 - Il \ a
< o TR
< % b it
< 8500 - TR R
(@)} \'\.\w\ T '»\'»\'» b
X ) e R
= 8000 T b S R R T
E '\_‘\_‘\ _‘\_‘\_‘\ _‘\_‘\_‘
2 Il S i S =
> 7500 T \_‘\\_}Q \:\:\ ::x::x::x ::'\::\:: ::\::\::
; lk'\.k'\.k w '\.\'\.\'\F '\.N'\.\'\. _‘\_‘\_‘
S 7000 _ '\_‘\_‘\ '\_‘\_‘\ _‘\_‘\_‘\ _‘\_‘\_‘ _‘\_‘\_‘
(../_)a '\_‘\_‘\ '\_‘\_‘\ _‘\_‘\_‘\ _‘\_‘\_‘ _‘\_‘\_‘
'\_‘\_‘\ '\_‘\_‘\ _‘\_‘\_‘\ _‘\_‘\_‘ _‘\_‘\_‘
6500 _ '\_‘\_‘\ '\_‘\_‘\ _‘\_‘\_‘\ _‘\_‘\_‘ _‘\_‘\_‘
'\_‘\_‘\ '\_‘\_‘\ _‘\_‘\_‘\ _‘\_‘\_‘ _‘\_‘\_‘
6000 \}\_‘\_"\ '\'\&\_:\_‘\ _‘\_‘\_‘\ 3‘\&\_:\_‘ Q\-"\-"
Conventional| Optimum | Conventional| Optimum | Conventional| Optimum
methods fertilization methods fertilization methods fertilization
Faghi Bigloo Talebabad Hassan-Ahabad

ol o 53 gy gl 5 410 e BB pus Jly asline By . i bojT (gla o 30 pusS LS 139 w1 Bylewd 1Y Ui
Figure 2. Effect of treatments on wheat straw yield in the experimental sites. Similar letters indicate no
significant difference at 5% level.
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Figure 3. Effect of treatments on harvest index in the experimental sites. Similar letters indicate no significant
difference at 5% level.
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Table 4. Effect of fertilizer treatments on some nutrients concentration in wheat grain of the experimental

sites.
'II_'(r)::ttriﬁ:r;t Hassan-Ahabad Talebabad Faghi Bigloo
Conventional ~ Optimum  Conventional ~ Optimum  Conventional ~ Optimum

Nutrient method fertilization method fertilization method fertilization
N (%) 2.12b" 2.82a 1.75b 2.00a 1.69b 2.15a
P (%) 0.69a 0.68a 0.43a 0.41a 0.41a 0.34b
K (%) 0.40a 0.45a 0.25b 0.35a 0.47a 0.52a
Ca (%) 0.12a 0.13a 0.19b 0.24a 0.22a 0.24a
Mg (%) 0.08b 0.09a 0.11b 0.14a 0.12a 0.15a
Cu (mg kg™ 7.83a 10.55a 3.53a 3.75a 0.98a 1.00a
Fe (mg kgt 35.62b 56.06a 30.99a 31.57a 28.81a 28.11a
Mn (mg kgt 43.65b 46.45a 17.64b 24.50a 24.57b 29.57a
Zn (mg kgt 18.37b 56.65a 19.41b 40.62a 17.50b 64.59%

fSimilar letters indicate no significant difference at 5% level.
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Table 5. Effect of fertilizer treatments on some nutrients concentration in wheat straw of the experimental

sites
Location, Hassan-Ahabad Talebabad Faghi Bigloo
Treatment
Conventional ~ Optimum  Conventional ~ Optimum  Conventional ~ Optimum
Nutrient method fertilization method fertilization method fertilization
N (%) 0.37bf 0.42a 0.29 0.37a 0.22a 0.24a
P (%) 0.07b 0.08a 0.07a 0.07a 0.07a 0.06a
K (%) 1.22b 1.46a 2.25a 2.30a 1.38b 1.55a
Ca (%) 0.46a 0.59 0.18a 0.49a 0.21a 0.23a
Mg (%) 0.20a 0.21a 0.12a 0.17a 0.13a 0.13a
cu ™M ('fg ) 1.27b 1.46a 0.70b 0.74a 5.17a 5.26a
Fe mg(‘fg') 4311a 4971a 40.70a 56.95a 6.16a 10.69a
Mn mg(‘fg') 24.57a 28.12b 6.27b 7.40a 5.25h 5.38a
Zn mg('fg') 7.26b 13.18a 2.21b 3.10a 2.21b 12.32a

fSimilar letters indicate no significant difference at 5% level.

2 S el dale o8l ol Lo 90 (5 i
51@&590[{‘&“} laling, 065 aigy B yae s
3l slosd )0 oty 055 B e 51 STe Wl o0
g e 90 cpl yo ol Ll e (Y J9a)
peols Gl 09 ey VAV 5 AYYY Joles
@ oS0 88 bl sliwg, ;0 S adgl i LB
WNog pSekS p eSSk YWeg VP il oS
iz BB by clale bl Sliwgy ;o (Y Jgox)
3 e skS 00 Brae g 0y Sl v 4 Sop S
AL I PN S SR P RES IV
—AS i Q‘jju;o )95..'\.0 C"L"’ )’| ‘w‘ﬁl.l.g ulas
3 peolly paie 0geaS Olipe Wiz e a5 05 (65
)Ua.u‘ Q‘?”LS" 9 0034.; g..h.\} ‘) L)] )‘ (_gru.u...v )‘..\M
2 &9y ot S 50 BraneS ol clale il
Ol 2ldd CuaS saugs il 068 aigy B ras e
Sl b oS cal cawnl Pl e 0 plisl Gl

2,5 1,8 4> 30,90 pld Cuodlw uml;

AD

sl duo 30 iy s 0 lo e BB pas il alie By T

s Sy pelie (B cbile n 055 lajles
STy (slimg; GES 58 (539,55 cilé og, 5138 5T
Ol Gl s 0215 53 ()59 53 a8 B pane né le
oo Jlie Sl 51 50 sl S il ol ol
(Malakouti, 2011) (¢s, ¢ (Gu et al., 2021) el
2 5 QM b cdale all olS s (y5g s iz
Slewd 5l yiin a0 YFIVA (e 4 0l s (gL,
a5 ol Gl s o bl onl og g5l Gye
S 50 0 S ok S PO (liee 0 )8ud 355 S pae e
S 05 blutul iz Glyioe o &)l Bye 5l S
O A e 4 055wy By o 5o Vet
Srae (izred 5 §,l Sras by, 5l (LBU slazdes
Soed 3z (i« Soged Sl 5 55 (oly jobie
adly goxs S 50 Ay g aidlidgge olS L
S e ;3 jsSde yolie 5,50 ;0 (Sl iz .l
(e G Sy i casliv SLICIl g oIS 88
O San Y Sl Wlgee LSL (s 5 St
O 4 B dsllas pl glaools il sloslis

Sl tagh g 009 ey (nl )3 cale § (580 (5 s



VF-N QL«.«M.O) ‘fo)LoJ; 6\’5\.1?

S o5 Gladss

18/00 - a a a
T
o 16000 1 = -
oo b Y b N R
S 12000 { =k RN T SR T \
-— _‘\_"\\_}\ _"\_‘\_"\ _‘\_‘\‘_}k \_‘\_‘\ \_‘\‘_1{\&: \_‘\_‘\
& 10/00 A o R -"‘:'N A A Ry
8 '\.\'\.\'\. N '\.\'\.\'\\ l&'\.k'\.k l&'\.k'\.k l&'\.k'\.k
S 8/00 - \ A \ S SR N
' R R R e o e
_F_,J 6/00 i _"\_‘\_‘ _"\_‘\_"\ _"\_‘\_"\ \_‘\_‘\ \_‘\_‘\ \_‘\_‘\
e _"\_‘\_‘ _"\_‘\_"\ _"\_‘\_"\ \_‘\_‘\ \_‘\_‘\ \_‘\_‘\
o 4/00 . '\.\'\.\'\. '\.\'\.\'\\ N l&'\.k'\.k l&'\.k'\.k l&'\.k'\.k
— _"\_‘\_‘ _"\_‘\_"\ _"\_‘\_"\ \_‘\_‘\ \_‘\_‘\ \_‘\_‘\
" — _"\_‘\_‘ _"\_‘\_"\ _"\_‘\_"\ \_‘\_‘\ \_‘\_‘\ \_‘\_‘\
S 2/00 A _"\_‘\_‘ _"\_‘\_"\ _"\_‘\_"\ \_‘\_‘\ \_‘\_‘\ \_‘\_‘\
G R M 55 R e R R R
Conventional | Optimum | Conventional | Optimum | Conventional | Optimum
methods fertilization methods fertilization methods fertilization
Faghi Bigloo Talebabad Hassan-Ahabad

39 )13 gimo BB pus Kl aslieo By 5> oy lo)T SLGIK0 10 pui Wil sy (S50 1 (5385 Sl slond 1 -F S

Figure 4- Effect of fertilizer treatments on wheat grain protein content in the experimental sites. Similar

letters indicate no significant difference at 5% level.

< 95/00 -
o a
© 85/00 -
£ T
.2 75/00 -
5 65/00 - \ a a
— \_‘\_‘\
o e -|V
€ 55/00 - S -
o o S o
S 4500 { [ N \
N = b R S
S 3500 4 [ S R b
'S e -|' w N -|'
e e e o e e e ot e
8 25/00 T \:\:\ SRR & b :x::x::x L
—_— \_‘\_‘\ \_‘\\_}'\&\ \_‘\_‘\ _‘\_‘\_‘\ _‘\_‘\\_}\.
g‘ \_‘\_‘\ \_‘\_‘\ \_‘\_‘\ _‘\_‘\_‘\ _‘\_‘\_‘
_g_ 15/00 T N \'\.\'\.\ \'\.\'\.\ N '\.\'\.\'\.
e e e e o e e o, e ot e .
5100 | R S AN
Conventional| Optimum |Conventional| Optimum |Conventional| Optimum
methods fertilization methods fertilization methods fertilization
Faghi Bigloo Talebabad Hassan-Ahabad

il ailien By iiglosT GBS0 50 i Wil (PAIZN) (59, & S sl oI 30 S 2 (5995 (51 slas 31 -0 JSCb

ol B0y gy o 50 HI0 o SIS puc

Figure 5- Effect of fertilizer treatments on phytic acid to zinc (PA/Zn) molar ratio in the experimental sites.

Similar letters indicate no significant difference at 5% level.
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Abstract

Imbalanced fertilization is one of the most important problems of wheat production in Iran. This
project aimed to assess the effects of soil fertility management based on plant nutrition principles
and compare it with farmer's conventional methods in wheat fertilization. The experiment was carried
out in three wheat fields (Faghi-Bigloo, Talebabad, and Hassan-Ahabad) located in West Azerbaijan
province, during the 2014-2015 growing season. Experimental treatments included farmer's
conventional (FCA) and optimum fertilization (OFA) approaches. Management of wheat nutrition
for FCA treatment was based on the experiences of wheat growers and for OFA treatment based on
the assessment of the field's soil fertility status, using soil test and the latest scientific achievements.
The results indicated that there was a significant difference in grain yield characteristics between
FCA and OFA treatments (p<0.05). The average grain yield for FCA and OFA was 5601 and 6667
kg hal, respectively. With OFA, grain yield improved by 18.96%. The current approach also
increased straw weight by 17.58, 12.30, and 7.67% in Faghi-Bigloo, Talebabad, and Hassan-Ahabad,
respectively. These values were significant (p<0.05). Moreover, OFA improved the harvest index in
experimented fields, except for Faghi-Bigloo. These values were equal to 9.21% and 4.06% for
Talebabad and Hassan-Ahabad, respectively. The grain protein content for FCA obtained 11.79%.
OFA enhanced it by 15.58% (p<0.05). Additionally, for FCA, the molar ratio of phytic acid to zinc
in the grains was in the range of 45-75. With OFA, this ratio was significantly reduced to less than
25 (optimum limit). Generally, it is concluded that soil fertility management based on the principles
of plant nutrition is the most accessible solution to achieve optimum crop yields and improve the
quality of wheat grains.
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