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Abstract

To investigate the response of Fe-efficient and -inefficient bread wheat cultivars to iron deficiency
conditions, a factorial-based greenhouse experiment was conducted in a completely randomized design
with three replications. Fe-efficient (Pishtaz, Parsi and Chamran) and -inefficient (Alvand and Falat)
cultivars were grown in two Fe concentrations: 10 mg kg? (lron sufficiency) and 1.4 mg kg (Iron
deficiency). The shoot and root samples were harvested in two growth stages, 30 days after germination
(vegetative) and 30% of heading (reproductive). The traits and indices studied, were Fe efficiency index,
some morphological traits, chlorophyll content, seed iron concentration and content, Fe efficiency and
Fe uptake efficiency. The activity of ascorbate peroxidase, superoxide dismutase, catalase, and guaiacol
peroxidase enzymes were also measured in the roots and shoots of plants. Results showed the highest
and lowest Fe efficiency in Pishtaz and Falat cultivars, respectively. The maximum amount of seed iron
concentration and content was obtained for Pishtaz cultivar. The highest level of Fe efficiency was
observed in the shoots of Pishtaz cultivar at reproductive stage, whereas the highest level of Fe uptake
efficiency was found in the roots of this cultivar at vegetative stage. The chlorophyll content was
increased in iron deficiency conditions. The activity of ascorbite peroxidase, catalase and guaiacol
peroxidase was reduced in iron deficiency conditions, while the activity of superoxide dismutase enzyme
was enhanced in the shoots and roots of cultivars in both vegetative and reproductive stages. To better
elucidate the mechanism of iron absorption and transfer in iron-efficient and -inefficient varieties of
bread wheat, it is suggested to study the expression of genes involved in iron uptake and transfer in
bread wheat cultivars under iron deficiency conditions.
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Table 1. Chemical and physical properties of the soil used in the study

Fe Zn Cu Mn K P CCE OC EC PH Texture Clay Silt Sand
mg kg % dS mt - - %
1.4 01 125 101 160 34 22 0.65 089 7.98 ISO';% 9 53 38
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Table 2. The composition of nutrient solution used in the experiment

Elements mgkg* Fertilizer mg kg
N 30 Urea (CO(NH>)2) 65.22
P 50 Triple superphosphate (Ca(PO4H2)2) 249
K 100 Potassium sulfate (K2SO4) 223
Zn 5 Zinc sulfate (ZnS04.7H20) 22.1
Cu 5 Copper sulfate (CuSO4.5H,0) 19.6
Fe 10 Fe-EDDHA 182
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Table3. Fe efficiency index of different bread wheat cultivars

Cultivars Root Shoot Seed Average
Phishtaz 0.92 0.89 0.84 0.88
Parsi 0.88 0.82 0.75 0.82
Chamran 0.90 0.80 0.74 0.81
Alvand 0.72 0.77 0.71 0.72
Phalat 0.70 0.72 .64 0.68
el oo 5 0z S Jsb g slawi cadigs Jsb 259098 190 Slis (8T SgueS ST
S5 s olliles 0 Jpuz) il Ll Gl (Seglgtyee Dlao (uib)ly 40528 @B T Jgazr 5o
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Table 4. The results of ANOVA for morphological trait in different bread wheat cultivars

Mean Square (MS)

Source df Stem Spike Spike Number Flag Leaf Flag Leaf
Length(cm) Length(cm) Length(cm) Width(cm)
Iron Level (A) 1 0.16" 4.63™ 6.53" 31.62™ 0.042"
Cultivar (B) 4 75.80™ 6.26™ 7.02™ 124.89" 0.14"
A*B 4 9.13™ 0.40m™ 1.80™ 4.87™ 0.08™
Error 20 8.28 0.27 1.27 5.53 0.089
CV (%) 6.49 9.59 12.28 17.91 33.17
Mean Square (MS)
Source df Awn Spikelet Peduncle Spike Seeds 1000-Seed
Length(cm) Number Length(cm) Number Weight(gr)
Iron Level (A) 1 0.01™ 19.46" 5.17m 14.63"™ 118.32™
Cultivar (B) 4 5.32™ 77.18™ 4.08™ 93.26™ 355.92™
A*B 4 0.89™ 6.36" 13.34™ 17.50™ 89.42"
Error 20 0.16 5.05 1.89 9.60 60.50
CV (%) 6.21 15.15 16.80 27.29 17.04

)\JGM)“; -ns ‘_\m)dé\i)t_i.:\ C_L\.m‘)d)b‘s_'u_ak._\:\j‘)ji.}:* j**
** *: are significant at P <0.01, and 0.05, respectively, ns is non-significant.
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Table 5. The comparison of some morphological traits under iron deficiency and sufficiency conditions in
various bread wheat cultivars

Spike . Flag Leaf .
Iron Level Length(cm) Spike Number Length(cm) Spikelet Number
1.4 (mg kgl) 5.02° 8.70° 12.09° 14.03°
10 (mg kgt 5.818 9.632 14.15% 15.642
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Figure 1. The effect of soil iron concentration on flag leaf length in bread wheat cultivars
S5 al=1- mg kgt st e1=1,F mg kgt
1.4 mg kg *=insufficient iron; 10 mg kg-=sufficient iron
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Table 6. The comparison of some morphological traits in Fe-efficient and -inefficient bread wheat cultivars

Stem Spike Spike Awn
Length(cm) Length(cm) Number Length(cm)
Phishtaz 44,872 7.182 10.002 7.27%
Parsi 47.332 4.95% 9.662 6.822
Chamran 48.072 4.85% 10.162 5.40°
Alvand 40.22° 5.39P 8.08° 7.292
Phalat 41.11° 4.69° 7.91° 5.49°
. Spike
Spikelet Peduncle Seeds 1000-Seed
Number Length(cm) Number Weight(gr)
Phishtaz 21.242 8.002 14.08% 58.172
Parsi 13.25° 9.022 11.80% 37.62°
Chamran 12.94° 9.072 9.18° 44.24°
Alvand 13.42° 6.00° 9.69° 46.16°
Phalat 13.33" 8.832 12.00% 41,93°

Sexbe g yLilus 0gs (ol 4y Comd i3l oo 15 B/T)
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Table 7. The results of ANOVA for seed iron concentration and content in different bread wheat cultivars

Source df Mean Square (MS)
Fe con. Fe cont.
Iron Level (A) 1 0.049™ 5.47"
Cultivar (B) 4  0.120" 1.84™
A*B 4 0.033™ 0.57™
Eror 20 0.015 0.28
CV (%) 13.37 20.58

. . ns . . oy s
SIS sire e 1T o0 iy 5 Sy w0 s Jre a4 g

** *: are significant at P <0.01, and 0.05, respectively, ns is non-significant.
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Table 8. Seed Iron concentration and content in Fe-efficient and -inefficient bread wheat cultivars

Cultivars Iron Concentration (mg kg?)  Iron Content (mg kg™ DM)
Phishtaz 1.01% 3.052
Parsi 1128 3.232
Chamran 0.86% 2.15°
Alvand 0.87"¢ 2.61%
Phalat 0.76° 1.94°
3.5
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Figure 2. The effect of soil iron concentration on the iron content of seeds in different bread wheat cultivars
S5 oal=1e mg kg« ast al-1,F mg kgt
1.4 mg kg'=insufficient iron; 10 mg kg-=sufficient iron
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Figure 3. The Fe efficiency in the roots and shoots of bread wheat cultivars in vegetative and reproductive stages
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Table 9. The results of ANOVA for Fe efficiency and Fe uptake efficiency in the roots and shoots of cultivars

Mean Square (MS)

Source df Fe efficiency Fe uptake efficiency
Stage (A) 1 9601.35™ 984.15™
Organ (B) 1 252.15" 3067.35™
Cultivar (C) 4 392.22™ 1768.69™
A*B 1 4.81"™ 4558.81™
A*C 4 183.64™ 72.35™

B*C 4 321.02™ 79.72"™
A*B*C 4 400.44™ 174.19™

Error 40 44.98 48.80

CV (%) 8.13 10.52

. - ns . . e 0
e e B ) w5 S a0 s pee coS g 4T

** *: are significant at P <0.01, and 0.05, respectively, ns is non-significant.
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Figure 4. Fe uptake efficiency in the roots and shoots of different bread wheat cultivars in vegetative and

reproductive stages
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Table 10. The results of ANOVA for total chlorophyll in different bread wheat cultivars

Source Df Mean Square (MS)
Chlorophyll a Chlorophyll b Total Chlorophyll

Iron Level (A) 1 0.2207™ 0.0418™ 0.2875™
Stage (B) 1 0.9889™ 0.1195™ 0.9907™
Cultivar (C) 4 0.1060™ 0.0162™ 0.1562"™
A*B 1 0.0000™ 0.0192™ 0.0470"
A*C 4 0.0075" 0.0004™ 0.0186™
B*C 4 0.0166™ 0.0097™ 0.0240™
A*B*C 4 0.0016™ 0.0006™ 0.0015™
Error 40 0.0025 0.0008 0.0049
CV (%) 4.87 5.79 6.42

Sosirent ™ o )s w5 S g 0l e cui g a4 g
** *: are significant at P <0.01, and 0.05, respectively, ns is non-significant.
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Figure 5. Total chlorophyll content in Fe-efficient and -inefficient bread wheat cultivars in vegetative and
reproductive stages
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Figure 6. Total chlorophyll content in vegetative and reproductive stages under iron deficiency and sufficiency
conditions in Fe-efficient and -inefficient bread wheat cultivars
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Table 11. The results of ANOVA for the activity of antioxidant enzymes in different bread wheat cultivars

Source df Mean Square (MS)

CAT GPX APX SOD
Iron Level (A) 1 40.63" 10627.84™ 347.82™ 75877.55™
Stage (B) 1 4.45™ 2341.80™ 91.10™ 22936.22**
Organ (C) 1 5.70™ 516.21™ 22.60™ 4423.08™
Cultivar (D) 4 0.33™ 39.32™ 2.16™ 358.69™
A*B 1 0.06™ 6.51™ 2.25™ 7.47m
A*C 1 0.08™ 461" 0.62™ 0.014"
A*D 4 0.01™ 0.14" 0.012m 1.10m
B*C 1 0.27™ 0.045" 0.032" 68.49™
B*D 4 0.005™ 0.052m 0.052™ 2.81m™
C*D 4 0.003™ 0.35™ 0.032™ 14.40™
A*B*C 1 0.11™ 0.28™ 0.036" 4.33m™
A*B*D 4 0.009™ 0.096™ 0.061™ 6.21"
B*C*D 4 0.008™ 0.27™ 0.03" 8.92™
A*C*D 4 0.004" 0.030™ 0.083™ 13.36™
A*B*C*D 4 0.004" 0.28™ 0.058™ 0.24™
Error 80 0.0026 0.28 0.0087 2.18
CV (%) 3.13 1.65 2.29 0.58

D . . s
e e B ias ) w5 S a0 s pee oS 4T

** *: are significant at P <0.01, and 0.05, respectively, ns is non-significant.
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Figure 7. The activity of ascorbate peroxidase enzyme in the roots and shoots of Fe-efficient and -inefficient
bread wheat cultivars in iron deficiency and sufficiency conditions in vegetative and reproductive stages
S5 oal= - mg kgt st 1) ,¥ mg kgt
1.4mg/kg=insufficient iron; 10 mg/kg=sufficient iron
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Figure 8. The activity of superoxide dismutase enzyme in roots and shoots of Fe-efficient and —inefficient bread
wheat cultivars in iron deficiency and sufficiency conditions
S5 a1 - mg kgt ¢ 85U eT=1,$mg kgt
1.4 mg kg *=insufficient iron; 10 mg kg-=sufficient iron
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Figure 9. The activity of superoxide dismutase enzyme in vegetative and reproductive stages of Fe-efficient and
inefficient bread wheat cultivars in iron deficiency and sufficiency conditions

S5 oal=) - mg kgt st 1= ¥ mg kgt
1.4mg/kg=insufficient iron; 10 mg/kg=sufficient iron
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Figure 10. The activity of superoxide dismutase enzyme in roots and shoots of Fe-efficient and —inefficient

bread wheat cultivars in vegetative and reproductive stages
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Figure 11. The activity of catalase enzyme in Fe-efficient and -inefficient bread wheat cultivars under iron

deficiency and sufficiency conditions in vegetative and reproductive stages
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Figure 12. The activity of catalase enzyme in the roots and shoots of different bread wheat cultivars under iron
deficiency and sufficiency conditions in vegetative and reproductive stages
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Figure 13. The activity of catalase enzyme in roots and shoots of Fe-efficient and -inefficient bread
wheat cultivars in vegetative and reproductive stages
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Figure 14. The activity of guaiacol peroxidase enzyme in the roots and shoots of different bread wheat cultivars
under iron deficiency and sufficiency conditions

81.4 mg/kg @10 mg/kg

@ 60
S b
XE L 40 -
375 « W
8% = rrr
8¢ SR,
g 3 0 LT T T T F.
O Vegetative Reproductive
cilisio plB )l 53 (i) 9 (Sgy SOl 30 i BB ol Colis g dgmeS byl 50l JoSUE o 3T cdlad 10 Yo
ob puss

Figure 15. The activity of guaiacol peroxidase enzyme in the vegetative and reproductive stages in different
bread wheat cultivars in iron deficiency and sufficiency conditions
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Figure 16. The activity of guaiacol peroxidase enzyme in Fe-efficient and -inefficient bread wheat
cultivars in iron deficiency and sufficiency conditions
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