Journal of Water and Sail
Vol. 31, No. 5, Nove.-Dec. 2017, p. 1423-1431

(5523LisS @ulio 9 pole) S g T &y i
VEYT_IFTY o ATAF o= 55T b o ke 7Y il

oS ilites a5 53 oAl s pda S 5 S pan L1 )z

T32313 3 gren = g b Ao = 5,528 Olay
WWABNY/Y 2 2dl 5 6

LXVLES

6290 0385 1 (55391t (glapetnms § SH N (65,5l (Slopiuns ,> ClS (gl S35l dpdsS 5 LS puaie pB)) foles 5 calis
A5 g ol g g5pslsS o &S oy s 8 bl adsl )3 ol 6xdpdsS o 4 LIS pate (slacuiss SOB1 0liS sl
g 4 stale)] GRSy 5l dasS 9 IS ool puiS slacigh e g ol pelaie )l (2L £ dpdsS Ygane (5 oy pB)
AV a i b (k) 9y ol e il 5 (555518 Sl ol )3 55 by 3ols ol (slacSy 2 8 3 Ly
9 5 (0ogb 9 CT5-5 M cigh syl 5 (Y = il o8)) pago 9 i 3 puiS sloaisS) a5 iy & Jold Glalosl (slalas 0 plowl 1WA
M ime Sali8l Comge (uSilas 9l oyl G ol Lis ol g (FEEDDHA MS bSa ;5 p,5skS Ve g yin) oyl Cbyne jlade
WIN i 45 pgyed piS 13 3 Slas yiol38l o iy S slacuisl (e 50 03,8 Jald &) Cawd 1o > A/ 50 4 (P< 0.05) &by 5 Sas
3 el 2o y3 BIY iy e aild p3 oyl cldale poss ooyl G yan 31 )3 el Gty (3o )d ¥/ (e ) Losb ody paS 50 o 32568 g (haoyd
gl 0 opl Bpa o o5 (P< 0.01) cély (o)ls sno (il 2o > VEIF liue 4y paiS il (3 o] Gda Jg 003,55 )l gxe (g )lol las
Al Gy pgyg3< CT5-5 <uig Il <allSoim 5 SIS ¢ Lol 1 jg0 4 piS Cal i sl

=5 2D Bpan oS polic pgye0 iS5 S ol 1 gadS (slaojly

S g (oS Oplas 5y Slas 4 Joan Jaulyd iz 3 (T
4y dS ol olowd (oS 5l (ool yolae B pas pilie il
5 2t yole ol 0)08 b «SB leidle 50 25 by
(¥ 518 00) cusls aaled s 4 1) o) bae Sl
it Sman | B0 ol gl )lus i Claal
=l Y eame §l LBl L 5 assS calis o slend (sladgS
Sae YL L L LS L LK jais gl col )08
Gl ok 93 11y (e paie ol 408 5l (lid pate S
d‘)—? d?—§ ‘_sl_b)lf 9 )l_w L;I)L) Col OSQA ohbl,\s u;‘ AMS‘;O
d)l)_B)J Al g stl...u:pou) gevey) .\.\.MJL sl al:\; J>|.) D pais
slsl glacaS 5 g M iy ooylails oy b (s jon Laslg,
5 (SB 5l pais yie il sl IRl Olgis @) swgiy 5> oais
5 Uil sl )l Olie ) ol condom 9 (Sidg308 )3 puS
ollidl sladaly ales 5l (LS J8b )0 paic i (605,54

.

LY RUMY

JSie S ol 4 Lis el)j oS aop Yo 5l Lt
oS (3l )3 pate pl 3908 IV 9 V) 29800 Cguine (gl
oM glauis coas @l o Slae jials y ogMe wMe cuis
2 1y oeal 354eS clanis CYMS] g ool Lials ) oads g
o=l il aales JLos 4 oMe oS Bpuas (g iy gole>
slds VMBI s lea cuman 558 Ggske Y51 e el
(YY) w598
PH (9= (Sal s a0 S o ppal 3gia8 5 ol
olel sl (g a0l S rizmem 5 (N olgo 38 (<5l
oo B BYY wsd plodl gla )y @b o)l (o0l (oS
¥) a2l ol 0005 39:a8 ks ol ol puS S cov g5

e el g SB Sl Gisu dngh leye 5 ki s 4 Y 5V A
Oleilw (s52) luld liwl o mlio 5 (55)0liS bjgel 5 Claios
Ol e «(65,9LS gy 9 bjeel clisis
(Email: P.keshavars@areeo.ac.ir 2 g 0k g5 )
DOI: 10.22067/jsw.v31i5.62545



AP g0 - 3T oyleds ¥V > (S g ol 4 s VFYY

L yg; 9 3190

B 5l pasS Gl lacaip) SSE g olelid pslate &
g dp (ool gl (62000065 s g ool Bpae )
Sl gl JB o ol o g oS Cuigis 5556 9o b g5l
Digmal 9 Olidisg 35 50 53 5, S5 aw L dolay Jol8 cla
=hi Jbw 93 (b (35b) 5925 Ol (b @lio 5 5jslaS
o1 gLndsigS ol puiS slaaisij 15,5 plosl YYAR-A)
OB oo gl (U paS 81 g S5 5 (V 2k 03)) P99
2 eSSV g o o 93 )3 al ke y CT55 (1Y
592 EDDHA 5Lty Ly 4oy § cyonl eSS b e S
ol e (SLS pSokS 5 ol £S5 e /Y g yio b Jolo)
B3 S (V) Joygs 5 55 bgy jl oslial b S Gl LB
Joo S olend § (Su3d @8 @l 2g S ekS )3 05 e
o it gy oy S S casl el Y Jga 5 Gtales]
Ogel i 9 el Ly (3,8 (8 () o Jolae oS Ol S
Leg 55 ojbas cpdl 09y 4y o3l b6 b g Ly (135
el Sliol b odliul LB pawbs 0 (¢ pS 03Il jrogidg Sl
o3lasl pog b kb ol L g (sS0)las ¥ ila 0 3 Lo
5 35550 w59y o) oalisiusl LB 5, Se jolie (V1) 15 (55
Sosliwl Ly g (Vo) s S0 )las Jgyo5 5 55 (hoy & (e
pman L diild g Sy oyl a6 pS03lnl ol Gl olSwd
oS Ly g gySo)las (Jloy ¥ o)l al o o] jzusls
(Y0) B4 (g pSojll o3l s

2 Slas 35 g e 38y Sl S al puiS sl
o s ol 9908 Ll )3 ieasgs plo b awglie ) (6 5V
oo oal JalS) boady jude ol s ola Sy (F) aiil
ol leosiSlal b g H Mg 30,k j1 (28 )b 9o ol 4 (281
(595 (e pssine] upnl s | oS (HiSamyy ()b au
9= W L LM adys oiomen (i polie plo 9 (g
b a3 (S Jlasl g loytd slacS 5
o ki ) o] Byme g (pal 4y gyt & (B (oliardgid
(A) 29350 ol Byae 1> i pam (sae s S
ol 48Ty b ygdg upmgind (leod S 45 umd oo i Sllllas
S o g S Jsle 3l (g oy il (sl
ool eSS 285 s yoal (sla g Ly ba)ghg ausid
St g 39 1) (] (g e Sl g 00l iS5 589000505
¥¥)

3 epaS Loyl g e Olidios gl lul
L danlio ;3 (V) 313 dgmg (6, 85T slacgls al LIS )L
ol pSe Vg omo [)LS” ol (slacess 56 ool slacasisi;
)3 (o8 (524398 g md oo (LS 55 Bpan 4 Ll (5 yieS
3 S8y ) pdiogs 5 L paie g sla 5 colis (VY)
O 35 S 5 i alio syl 3551 5 S50 5 5500 Jolye
disly ol ) Bl oo cuslio (3365 o e g 08 il calar
Gyn S bld I puiS pl5)] g loisS duglio 40l 30
) sais ol @Il g bl (ol 598 4 Cad) 5030355 5 0]
leiige oy g ol b )3 ol clale 5wl 5 Slas

(o sl « ¥+ Bos) Lhalejl Joxo SB (oleomdsS 5d (S S35 (S 2 ) Jgi
Table 1- Some physical and chemical properties of the experimental soil (0-30 cm)
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Table 2- Effect of iron use on grain yield of wheat genotype
(Duncan’s multiple range test)

9 (Kgha?) ails »,Sles 53,Shos (il 381 sy

Genotype Grainyield &
-Fe +Fe RSN Grain yield

Mean increase per centage
DUrUM g5 5855.6¢ 6860.8 6358.2°¢ 171
Thriticosecal eals. 5 7661.1° 8338.12 7999.62 838
Alwand.s) 6263.6% 6996.0¢ 6629.8"¢ 117
Falateys 6809.8 7145.1bc 6977.50 4.9
C75-5 5556.5" 6279.0% 5917.7¢9 130
ToOS b 65335 6799.8 6666.6 41
Mean 6446.6 7069.8* 9.9
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Table 3- Iron concentration in shoot of wheat genotypes at stem elongation stage
(Duncan’s multiple range test)
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Genotype - Fe + Fe Mean EL
Concentration
(%)
Durumeg, s 128.8° 130.6° 129.7° 14
ThriticosecalediS.w 5 137.6® 147.32 14252 7.0
Alwand.sgl 133.1° 13762 1354 34
Falate s 133.8° 137.8%® 1358 3.0
C75-5 1346 14102 137.8% 4.7
T0o0S sk 1355 1385%® 137.0%® 22
Mean 1339 138.8"™ 3.6
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Table 4- Effect of iron use on iron concentration and uptake in grain of wheat genotypes

ol cdilé 2 odl cdale Lil3dl o e i3l
Fe Concentration (7) aits o o pal e &5 45 al
st Increase of Fe Fe Uptakein grain(gha™) )
(mg kg™) concentration in grai (K)
gram Increase
wa” -Fe +Fe  Mean -Fe +Fe Mean  ofFe {th(«':’l;l)%
enotype ingrain (%
Durume,,ss 448% 5282 4882 17.8 262.3 36222 31222 38.1
ThriticosecalediKu s 41.0° 438 4282 6.8 314.1bc 365.22 339.62 16.2
Alwand.sgl 455® 483 46.92 6.1 284.9bd  3379dc  3114a 18.6
Falateys 451% 4612 4562 2.2 307.1 bed 3203 31822 7.2
C75-5 440% 440 4402 0 24444 276204 260.3b 13.0
TOOS yusb 425® 4302 42,72 11 277.6 b 292.3%c 2849 53
Mean 43.9 46.2 "™ 5.7 282.2 326.6 16.4
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Table 5- Iron use efficiency, agronomic efficiency and apparent recovery efficiency wheat genotypes
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St Span 28 (2d2395) (=15 2,6 Apparent Recover
T ¥) Use Efficiency Agronomic Efficiency PP Efficiency y
Genotype () (kgkg) )
DUurumes,ss 81.02 130.22 16.65
Thriticosecaled$.s 5 91.80 67.70 851
Alwandssgl 89.50 73.24 8.83
Falateys 95.30 33.53 3.70
C75-5 88.40 72.25 5.30
TO0S b 96.00 26.63 2.45
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Introduction: World cereal demand is growing at present in accordance with the global expansion of human
populations. Deficiency of micronutrients in cereal cropping is one of the major worldwide problems. Beside of
lowering grain yield, it may cause some healthy problems in human populations. Iron is an essential micro
element in the soil that mainly had been found as the insoluble (Ferric or Fe**) form. Although ferric iron is
relatively insoluble in water, the solubility of total inorganic iron decreases between pH of 7.4 to 8.5 range which
is dominant in calcareous soils. It is estimated that nearly half of the world population is affected from Fe
deficiency problem. Major reason for widespread occurrence of Fe deficiency in human populations is very little
dietary diversity and high consumption of cereal-based foods with very low amount and poor availability of Fe.
Bread wheat is the most widely grown cereal grain with 65% (6.5 million hectares) of the total crop cultivated
area in calcareous soils of Iran. Most wheat cultivars currently used have been selected for high yields under
optimum fertilizer conditions. Consequently, research is needed to select efficient genotypes that will grow and
produce under conditions of lower fertilizer input or soil micronutrients deficiencies. This is especialy true for
the expansion of wheat cultivation which is often growing in calcareous soil of Iran. These soils are
characterized with low fertility, high pH value, low organic matter content and low micronutrients availability.
Environmental concerns in wheat production for human population indicate that to improve wheat quality and
quantity, the zero or possible lowest amounts of chemical fertilizers would be applied. In this regard, the use of
iron-efficient genotypes that have also high yield can be considered as a key strategy.

Materials and Methods: In order to investigate Fe efficiency in various wheat genotypes, a factorial
experiments a randomized complete block design was carried out with three replications in agricultural and
natural resource research and education center of Khorasan Razavi province, Mashhad (Torough Station), Iran,
during 2009-2011. Treatments were consisted of two levels of Fe fertilizer (0 and 10 kg h! as FeeEDDHA) and
six genotyps of wheat including: three cultivars and one line of bread wheat (Alvand, Falat, Toos, and C75-5,
respectively), two species of wheat known as Thriticosecale and Durum. The trial plots’s size was 9x3.6 (32.4
m?). According to the results of soil analysis, total nitrogen, available forms of phosphorus and potassium were
0.05%, 7.2, and 180 mg kg'!, respectively. DTPA extractable of iron, zinc, manganese and copper were 2.4, 0.52,
3.4 and 0.7 mg kg, respectively. Soil texture was silt loam. Soil organic carbon percentage and equivalent
CaCO; percentage (T.N.V) were 0.48% and 18.7%, respectively. The electrical conductivity (EC) and pH
measured in saturated extract were 1.4 dSmt and 8.1, respectively. At defined phonological stage (SG6 based on
Fix’s Index), the Fe concentration in shrub was measured. Moreover, grain yield and Fe uptake by grain were
determined at the end of ripening stage. Iron use efficiency, agronomic efficiency and apparent recovery
efficiency were calculated and studied as dependent variables.

Results and Discussion: The grain yield is the most integrative trait of a particular genotype. The results
showed that Fe application increased significantly grain yield by 9.9% in comparison with control. In our
research the highest grain yield increase due to Fe application was found in Durum wheat (17.1%), and the
lowest grain yield increase, were found in Toos cultivar (4.1% yield increase). Application of Fe increased Fe
concentration and uptake in grain about 5.7% and 16.4%, respectively. In terms of iron uptake by grain,
Thriticosecale wheat and C75-5 cultivar had the highest (339.6 g ha?) and the lowest amounts of Fe uptake
(260.3 g ha?), respectively. Also, application of Fe had no significant effects on Fe concentration in shoot. Fe
use efficiency in bread wheat genotype, Durum and Thriticosecale wheat was ranked as: Durum < C75-5 <
Alvand < Triticale< Falat < Toos. According to our research results, Toos and Falat cultivars and Thriticosecale
have higher iron use efficiency than Alvand and C75-5 cultivars and Durum wheat. The results also suggest that
to obtain higher yield in Durum wheat, soil and foliar application of Feis more necessary in comparison with
other genotypes especially Toos and Falat.
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Conclusion: There were various abilities to uptake and use Fe by different wheat genotypes. Fe-efficient
genotypes of wheat were Toos and Falat also Triticale. Moreover, these genotypes also had higher grain yield.
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