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3- Phytosiderphore
4- (Re) translocation
5- Utilization
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1- Biofortification
2- Interaction
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Table 1- Properties of soil used for the experiment

R D) Sy ol PKe e el dad Slosle  pands iy s Sop
Sand  Silt Clay Zn Fe Mn Cu P oM CaCOs pH EC
% mg.kg? % mmoh.cm?
96 1 3 0.15 0.87 3.8 0.07 2.4 0.29 9 7.8 1.19
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Table 2- Composition of the nutrient solution used in the experiment

Y s i s
s3liusl 3,90 Slgo (8 Jylome S dylome e
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gredients ]
Concentration (gr.L™) Amount (ml.kg™)
NHsNOs / CaCl2.2H20 / MgS04.7H20 (57)/(90) / (24) 1.67
K2S04 / KH2PO4 (42) 1 (30.24) 3
MnS04.H20 / Nas[Co(NO3z)s] / (NH4)sM07024.4H20 / CuSO4.5H20 / (0.55) /1 (0.62) / (1.2) / (0.42) 1.67
H3BOs3 1(6) .
Fe-EDTA (41.66) 2
ZnS04.7H0* (13.14) 1.67

85 3158 ool 390 (Jlo s Laal3) (B 59y b slojless gl Laid *
*Just for Zn sufficient treatments were applied.
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4- Zinc efficiency index
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1- Walkley-Black
2- Olsen
3- Flame photometery
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1- Uptake
2- Transporters
3- Zrt-Irt like protein
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3- Mentha arvensis L.

4- Arabidopsis thaliana

5- Lallemantia iberica F. & CM
6- Mentha pulegium L.

7- Satureja hortensis L.
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1- Phaseolus vulgaris L.
2- Competition uptake
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2- Phytosiderophore

3- Mugineic acid (MA) family PS (2-deoxymugineic
acid, 3-hydroxymugineic acid, and avenic acid)

4- Commelina communis

5- Nicotianamine
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1- Yellow stripe-like
2- Lupinus angustifolius L.
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Table 3- Analysis of variance for Zn, Fe, Cu and Mn concentration of bread wheat Zn-eficient and -ineficient cultivars
under Zn deficiency and Zn sufficient conditions

(Mean of square) Ol o Sibe

% qle ; - - : P TN - p
(SOV) df iy, g9, Sesld gy, 4l g, adg, ool o ksl o FHIRNY
(Root Zn) (Shoot Zn) (Grain Zn) (Root Fe) (Shoot Fe) (Grain Fe)
S3) gl 1 64775.56**  1244598**  3464.40**  23659.87**  14786.93** 166.69**
(Zn level)
w5 b s 1 654.01** 45.78 10.54** 970.56** 1021.39** 13.49**

(Cultivar Zn efficiency)
o8 @y X s, v

(Cultivar Zn efficiency x 1 1.88 24.71 1.74* 2447.02** 84.22 0.41
Zn level)
(Error) s 8 23.70 4.92 0.22 49.28 6.42 0.55
(CV) &lyuss oy 4.14 3.66 1.11 2.52 6.42 2.17
o (Mean of square) Ola o (Sl
M &Lﬁ df " L‘M&w .' - e Mu e -| R
(SOV) Ay ) wo '3 e Al o Adgy e B, PN A P
(Shoot Cu) (Shoot Cu) (Shoot Cu)  (Shoot Mn) (Shoot Mn) (Shoot Mn)
$3) gl 1 64.40** 110.53** 12.11** 2878.66** 1236.98** 12.48**
(Zn level)
w5 sy 1 1490.00** 95.71** 1.39** 1055.44** 1775.19** 0.26

(Cultivar Zn efficiency)
w8y 2Ly X s, o

(Cultivar Zn efficiency x 1 0.20 47.44** 0.09 20.38 2.19 0.004
Zn level)

(Error) s 8 1.86 0.97 0.02 23.40 41.94 0.57

(CV) &lyuss oy 2.24 5.39 2.18 2.53 5.61 1.99

oy S5 g g Jlein] aw )3 )b dme iy 4 g *
*and **: Significant at the 5 and 1% probability level, respectively
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Table 4- Mean comparision for Cultivar Zn efficiency x Zn level on Zn concentrations (mg.kg) of grain, Fe of root and Cu of

shoot
(Grain Zn) 4il> g9, (Root Fe) iy y oy (Shoot Cu) 2 lud L e
S5y 9005 (Zn-efficient) 1,5~ ¢, 26.54b 345,992 16.08°
(Zn deficiency) (Zn-inefficient) 1,54~ ¢, 23.91¢ 299.45bP 14.41°
S o, (Zn-efficient) 1,5~ ¢, 59.772 228.63¢ 26.132
(Zn sufficient) (Zn-inefficient) 1,54~ ¢, 58.652 239.20¢ 16.50°

A3b oo (63 sixe BMB] (gl doyd o sl prdans 53 (Sl (glaiels s y905] wlioly il o oglize Cgys (gl gta ya 50 &S ol Sl
VS g depd h L) 08y 93 0l WS- OIFSE 5 Sl W55 085 99 0k =09y «SB £ 5 0LS 3 59 25 e g 2008 B ) 59y 2 s g9y d9teS
Numbers followed by the same letters in each column show no significant difference based on Duncan’s multiple range test at %1 probability level.

Zn deficiency: no application of Zn, Zn sufficient: application of 5 mg Zn per kg soil, Zn-efficient: mean of the Zn-efficient cultivars (Bayat and Niknejhad),
Zn-inefficient: mean of the Zn-inefficient cultivars (Hirmand and Karaj1).
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Table 5- Mean comparison of different Zn levels on Zn, Fe, Cu and Mn concentrations (mg.kg™?) of root, shoot and grain of
bread wheat cultivars with different Zn efficiency

-2 ] s L
Ay y (59 lii)l.w ::L» EHEIREY W &I o . oy Al 1K
(Root ) ) (Grain ) (Grain ) %) (Grain
Zn) (Shoot (Shoot Fe) (Root Cu) (Root (Shoot Mn)
Zn) Fe) Cu) Mn) Mn)
¢ °’”’§ 44,10° 28.45P 107.78° 37.812 63.132 6.19° 175.56° 105.17° 38.782
(Zn deficiency)
o o) 191.042 92.86° 177.982 30.35° 58.49P 8.20° 206.53% 125.482 36.47°

(Zn sufficient)
A3b e (5yl0 sixe M (gl duoyd K o] grbans j3 (Sl (glasely wix (y905] bl ys il go coglite > (s> (gt ya 40 &S LlaSile
S p)S5hS )3 69y pi5 e 2 22 1 B (69 89y 28 pas i) 2908

Numbers followed by the same letters in each coumn show no significant difference based on Duncan’s multiple range test at %1 probability level.
Zn deficiency: no application of Zn, Zn sufficient: application of 5 mg Zn per kg soil

b U @S ol8,) il g 0 s Lud el (10,59 )3 )5 ko) 535K 5 (o 0] (59, CBLE 3 pB 1 (a5 595 1 (ke Al =5 Jguia
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Table 6- Mean comparision of cultivars Zn efficiency on Zn, Fe, Cu and Mn concentrations (mg.kg™) of root, shoot and grain in
bread wheat cultivars with different Zn efficiency

Ay 89, 5l L oy PR dudig y (o w15 o dudig y 35 o s L 1K
(Root Zn) (Shoot Fe) (Grain Fe) (Root Cu) (Grain Cu) (Root Mn) (Shoot Mn)
"K‘,d?’ 124.952 133.66P 35.142 71.962 6.85P 200.422 103.16P
(Zn-efficient)
L) 110.19° 152.112 33.020 49.67° 7.532 181.67° 127.498

(Zn-inefficient)
bl oo (o)l size OS] glls duoyd Sy Jlais] g 3 S cglaials iz y90)] ololyy il so rglie Gy (2l (ygias po 4 4 oSl
VS g Memn i) 085 99 Sl hUm i) B 5 Ol 6= is9) 085 92 Sl LS5
Numbers followed by the same letters in each coumn show no significant difference based on Duncan’s multiple range test at %1 probability level.
Zn-efficient: mean of the Zn-efficient cultivars (Bayat and Niknejhad), Zn-inefficient: mean of the Zn-inefficient cultivars (Hirmand and Karaj1).
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Table 7- Root to shoot translocation of Zn, Fe, Cu and Mn and their translocation ratios in bread wheat Zn-efficient and —inefficient
cultivars under Zn deficiency and Zn sufficient conditions

o J! Connd o JL! Comnd o J! Connd o JLas! Connd
(%) s9, (%) Jus! (%) o2 () Juws! (%) ome () Jas! (%) 3% (7) Jws!
ZnRST (%) ETR (%) Fe RST (%) ETR (%) Cu RST (%) ETR (%) Mn RST (%) ETR (%)

-Zn +Zn -Zn +Zn -Zn +Zn -Zn +Zn
')K‘ff?’ 53.85 45.18 11919 29.69 71.99 4124 2169 3745 5792 5017 5260 95.38
(Zn-efficient)
bBL-ss) 79.77 5229 15255 37.68 80.01  47.09 27.65 34.94 79.14 7091 6957 101.93

(Zn-inefficient)

Loy (chSb=(c9) 08 93 5S0ke U=, IS g o (L= (59, o8 95 nShe =59, (S 2 5okS 1> (59, p 5 ke 7 20)8) (B 59y HZN (59, 2 pac) (59, 39508 2N
Ness

RST: root to shoot translocation, ETR: element translocation ratio, -Zn: Zn deficiency (no application of Zn), +Zn: Zn sufficient (application of 5 mg Zn per kg
soil), Zn-efficient: mean of the Zn-efficient cultivars (Bayat and Niknejhad), Zn-inefficient: mean of the Zn-inefficient cultivars (Hirmand and Karaj1).
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Introduction: The lack of micronutrients through a decrease in plant growth, which is related to human
health, can be a global problem. Micronutrient deficiency reduces the immunological capacity of plant and
animals by which they resist against several chronic diseases. This fact has been brought into sharp focus in the
last decade because of a large proportion of people being deficient in micronutrients. The micronutrients such as
zinc (Zn), iron (Fe), copper (Cu), and manganese (Mn) are more important than the others and therefore, they are
essential to all living organisms. Zn deficiency is the most noticeable one since it has an influential effect on the
production of agricultural products, and consequently, quality of people's life and health. One of the common
methods to reduce The deleterious effects of Zn deficiency is using Zn-efficient cultivars. These cultivars have
more biomass than Zn-inefficient cultivars. However, some strategies used by these cultivars for micronutrient
supply could have a negative effect on the uptake process of the other micronutrients. Therefore, in the current
study, an experimental approach was proposed to evaluate the effect of Zn deficiency on the concentrations of
Zn, Cu, Fe, and Mn in the root, shoot, and grain of bread wheat cultivars with differential Zn efficiency. In
addition, the capability of transferring the micronutrients from the root system to the shoot system was analyzed.

Materials and Methods: A greenhouse study was conducted using a factorial experiment based on
completely randomized design (CRD) with three replications. The first factor was two levels of Zn-efficient
(data represent the average for Bayat and Niknejhad) and Zn-inefficient (data represent the average for Hirmand
and Karajl) cultivars, and the second factor was two levels of Zn, including Zn deficiency (no application of Zn)
and Zn sufficient (application of 5 mg Zn per kg soil). Soil samples passed through a 2 mm sieve and washed
five times with double-distilled deionized water to remove soluble salt and organic matter. Soil samples were
dried at room temperature (20-25 °C), and the necessary nutrients were added. Seeds were sown in polyethylene
pots containing 4.5 kg of prepared soil after disinfection. To prevent nitrogen (N) deficiency, ammonium nitrate
(NH4NO3) was applied to the treatments every 14 days. Daily irrigation was carried out using double-distilled
deionized water to maintain field capacity. Sampling of root and shoot was performed at 30% of the heading
stage and from the seeds after complete ripening. Finally, the concentration of Zn, Fe, Cu and Mn was measured
in root, shoot and grain. The relative ability of Zn, Fe, Cu and Mn translocation from root to the shoot was
calculated in the studied cultivars. Analysis of variance was performed using SAS software and comparison of
means was done at 1% Duncan’s multiple range test (DMRT).

Results and discussion: The results revealed that the concentrations of root Fe and Cu increased by 37.97%
and 7.9%, respectively, under soil Zn deficiency. There was also an increase in Fe and Mn concentrations of the
grain by 24.58% and 6.33%, respectively. Furthermore, the decrease of Zn in soil resulted in a reduction of Mn
concentration in the root by 15%, Fe, Cu, and Mn concentrations in the shoot by 39.44, 28.5, and 16.19%,
respectively. Under Zn deficiency condition, Cu concentration in grain (24.51%) decreased. Zn, Cu and Mn
concentrations of roots (13.4, 44.88 and 10.32%, respectively) and Fe concentration of grain (6.42%) in Zn-
efficient cultivars were higher compared to Zn-inefficient cultivars. In the case of Zn deficiency, Zn-efficient
cultivars had a higher concentration of root Fe (18.55%) and grain Zn (11%) than those of the Zn-inefficient
cultivars. Comparison of the relative translocation ability of micronutrients from root to shoot in the studied
bread wheat cultivars showed that Zn-efficient cultivars had less ability to transfer Zn (53.85%), Fe (29.69%),
Cu (21.69%) and Mn (50.17%) compared to Zn-inefficient cultivars (79.77%, 37.68%, 27.65% and 70.91%
respectively) under soil Zn deficiency.

Conclusion: On average, the Zn-efficient cultivars of bread wheat contained higher concentrations of Zn, Fe,
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and Mn in root and grain. Moreover, the possibility of using micronutrients in their organs was higher compared
to the Zn-inefficient cultivars. Zn-efficient cultivars also had less ability to transfer Zn, Fe, Cu and Mn from root
to the shoot. The obtained results can be used for micronutrient biofortification and significant improvements of
Zn content in wheat grain and to bring the improved varieties to the field.
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