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ABSTRACT
Seeds of 15 wheat genotypes were sieved and separated to two seed size groups (seed retained on 4 mm mesh and retained on 2.8 mm mesh). In the

lathhouse study the seeds of the 15 wheat genotypes were grown under factorial combination of four levels of Fe treatment and two seed size groups in
order to investigate the combined effect of iron and wheat (Triticum aestivum L. )genotype on Fe, Zn, Cu and Mn by measuring the concentration of
these micronutrients in wheat seedling plants grown in calcareous soil containing different amount of Fe under lathhouse conditions. Our finding
revealed that the application of Fe increased the concentration of Fe in root and shoot of wheat seedling, and generally decreased the concentrations of

Zn, Cu and Mn especially with the higher level of Fe applied.
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INTRODUCTION

Many of the micronutrients are required in exceedingly small amounts, but this does not reflect in any way the importance
of the element to growth, survival and reproductive success of the plant (Reid, 2001). They are largely function in plant—
enzyme systems. The factors that determine the amounts of micronutrients available to plants are closely related to soil
conditions and plant species and varieties (Mengel and Kirkby,2001). Changing the level of one nutrient in the soil will often
affect the uptake or transport within the plant of another nutrient. Assessment of nutrient interactions should include the
relationship between nutrient supply in the soil and nutrient concentrations in plant tissue (Bierman and Rosen, 2005). The Fe-
deficient tolerant plant genotypes have the ability to uptake sufficient Fe from calcareous soils and thus less reduction in their
growth will happen under Fe deficient condition compared with Fe-deficient sensitive genotypes. (Gourley, 1994; Marschner,
1995). In cereal, particularly bread wheat, a wide range of genotypic variation in response to Fe deficiency has been reported
(Khoshgoftarmanesh, 2010; Marschner, 1995).

Competition between ions can develop especially for those with the same physical (electrical charge and ion diameter)
and chemical properties (chemical valance). The relations can be antagonistic where one ion decreasing the availability of
another ion or synergistic where one ion is increasing the availability of another ion. High levels of iron compounds in soil are
known to greatly decrease trace metal uptake (Mengel and Kirkby,2001). Most micronutrient research has focused on
dicotyledonous crops, such as soybean and the information about the effect of Fe and Zn on monocotyledonous crops,
especially wheat, is limited (Ai-Qing, 2011). This experiment investigated the combined effect of iron and wheat (Triticum
aestivum L. ) genotype on Fe, Zn, Cu and Mn concentration in wheat seedling grown in calcareous soil containing different
amount of Fe under lathhouse conditions.
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MATERIALS AND METHODS

Soil collection and analysis

Soil was collected from the surface 15 cm. of the field experiment station soil at the College of Agriculture of Dohuk
University, Northern Iragq. The soil was air-dried, passed through a 4-mm sieve and was analyzed for pH, CaCOs;, Organic
matter, and soil texture using standard procedures (Page,1982). Plant available concentration of Fe in soil was determined also
according to the method stated by (Tandon,1999), by extraction with DTPA (diethylene triamine penta acetic acid) using a
soil: solution ratio of 1:2 and shaking time of two hours. Micronutrient extracted was determined by atomic absorption
spectrophotometer. Seed of each of 15 wheat genotypes which brought from Syria — ICARDA was sieved and separated to
two seed size groups [ retained on 4.0 mm mesh ( group 1), passed through a 4.0 mm mesh and retained on 2.8 mm mesh (

group 1D)].

Sowing and Watering

PVC pots (length=10.5cm, width= 12 cm) were filled with 5009 air — dry soil and fertilized with 0.0, 0.2, 0.4, 0,8 mg Fe
kg air- dried soil applied as FeSO4 7H.0O. Eight seeds from each group size were sown in each pot and distilled water was
added in amounts sufficient to bring soil water content to 75% of soil field capacity. Soil moisture content were kept at 75% of
field capacity during the period of the experiment . Time of watering plants was determined by weighing the pots daily and
adding water to obtain the original wet weight (75% of field capacity). After germination plants were thinned to 4 plants per
pot, and after 45 days from sowing plants were harvested.

Plant harvest

At harvest time the soil was washed off root under running tap water. Both roots and shoots were separated gently and
immediately weighted to obtain fresh weights of roots and shoots of plants in each pot. Plant samples were placed in paper
bags and dried at 70 °C for 48 hours. The dry weights of both roots and shoots were then obtained.

Statistical analysis

A factorial experiment with three factors (15 genotypes X4 Fe fertilization rates X 2 seed sizes) and 3 replicates were used.
The data were analyzed by analysis of variance and significance of differences between means was evaluated by the adjusted
least significant difference test (Adj. LSD).

RESULTS AND DISCUSSION

Physicochemical characteristic of soil

Various physical and chemical properties of soil are presented in table 1. Soil had high pH (8.06) and was calcareous,
which contain more than 20% CaCOs. The organic matter content was 1.60%. Soil had a clay texture, where the clay fraction
was higher than the sum of both sand and clay fractions. In soil sample concentration of DTPA-extractable Fe was 2.80 mg kg
L which was less than the adequate amount of Fe in calcareous soils (4 mg kg™) as stated by Soltanpour and Schwab (1977),
and it was marginal with the critical level for calcareous soils (2.5 mg kg™) obtained by (Sims and Johnson, 1991). The high
pH and the high concentrations of CaCOs3 and clay in soil together with low annual precipitation can be considered to be the
major factors causing Fe deficiency in plant grown in the north part of Iraq. Fe moves to plant root in soils is limited largely by
diffusion in the soil solution (O'Connor, 1971, Chaney, 1984, Marschner, 1993), and thus absorption is highly dependent on
soil water status and root growth (Mengel and Kirkby, 2001). Iron nutrition of plants is often threatened in arid soils having
low plant available concentration of Fe. Diffusion of micronutrients in soil is also greatly affected by soil pH. In calcareous
soils, diffusion coefficient for micronutrients is lower than in acid soils (Melton, 1973). O'Connor, (1971) stated that at neutral
to basic soil pH, inorganic Fe levels available for transport to the plant roots by both mass flow and diffusion are below plant
requirements. Fe?* decreases in solubility 100-fold for every unit increase in pH (Crowley, 1987).

Table 1. Physicochemical properties of top soil sample (0-30) cm

pH 8.06
Total CaCOs (%) 20.20
Organic matter (%) 1.6
Available Fe (ppm) 2.80
Sand (g kg?) 149.0
Silt (g kg™) 155.0
Clay (g kg?) 596.0
Soil texture clay

Moisture at Field capacity 31.68
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Micronutrients uptake and interaction

As expected, Fe supply increased Fe concentration in wheat seedling. Root —Fe concentrations were 40.99, 29.92 and
25.69% higher (Table 2) and shoot concentrations were 49.14, 28.84 and 19.03% higher (Table 3) in the Fe 0.8 treatments
compared to Fe 0.0, 0.2, 0.4 treatments respectively. Iron was supplied directly to the soil as FeSO..7H,0 to set up different Fe
levels. The concentration in roots and shoots of wheat seedling seemed to reflect total supply of iron more than any other factor
(Langdale, 1973, Al-Ali 1996; Chany, 1982).

Iron supply generally decreased Zn, Cu and Mn concentrations in both roots and shoots of wheat seedling (Tables 4-9).
Iron supply significantly decreased wheat Zn concentrations. Root Zn concentrations were 3.46, 15.88 and 15.71 lower (Table
4) and shoot concentrations were 0.0, 0.0 and 7.92% lower (Table 5) in the Fe 0.2, 0.4, 0.8 treatments as compared to Fe 0.0
treatments. Our results showed that Fe interfered with Zn uptake and translocation (but only when Fe concentration was high).
The possible mechanisms for this antagonism could be competition between Fe and Zn during uptake (Kabata-Pendias, 2001)
and translocation (Alloway, 2008). This results is not in accordance completely with the report of Alloway (2008) who found
that Fe interfered with Zn translocation only.

The application of high levels of Fe to soil (0.4 and 0.8 treatments) reduced the Cu concentrations in roots of wheat
seedling (Table 6) and the magnitude of reduction was 1.88 % with the application of 0.4 mg kg of Fe and was 15.39% with
the application of 0.8 mg kg™ of Fe to soil. Shoot- Cu concentrations (Table 7) were 27.40, 33.56 and 17.82% lower in the Fe
0.8, 0.4, 0.2 treatments compared to the Fe0.0 treatments. High levels of iron in soil are known to greatly decrease Cu uptake
(Kabata—Pendias, 2001).

The concentration of Mn in root and shoot was higher at 0.0 level of Fe and decreased with increasing the amount of Fe
applied to the soil (Table 8, 9). Root—Mn concentrations were 18.60, 5.74 and 4.37% lower in the Fe 0.8, 0.4, 0.2 treatments
compared to the Fe 0.0 treatments (Table 8) and Shoot—Mn concentrations were 16.48, 6.74 and 7.30% lower in the Fe 0.8,
0.4, 0.2 treatments compared to the Fe 0.0 treatments (Table 9). Similar results were found by Ai-Qing, (2011), who stated that
iron supply generally reduced wheat Mn concentrations especially in leaves, and Mn concentrations were negatively correlated
with root and leaf—Fe concentrations.

The results of our study revealed that the effect of Fe supply on wheat tissue Fe, Zn, Cu and Mn concentrations varied in
their distribution within seedling parts. Root — Fe, Zn and Mn concentration generally were about as much as their
concentrations in shoots of wheat seedling (Tables 2, 4 and 8), where as the root — Cu concentrations were 9.3, 13.3, 13.8 and
10.9 times greater than its concentration in shoots under the effect of Fe 0.0, 0.2, 0.4, 0.8 treatments respectively.

Our finding opined that roots of the 15 genotypes contained higher concentration of Cu as compared to shoots. These
results could be related to strongly bounded divalent copper ion to plant roots which are the sites of preferential copper
accumulation, and Cu is easily replace other ions at root cation exchange sites, also Cu tends to accumulate in the root tissue
with little translocated to shoots (Marschner, 1995). Our results support the findings of Al — Niemi and Al — Ali (2010).

Table 2. Iron concentration in the roots of the 15 wheat genotypes

IR ERAEAERE NN AR AR AR AR AR R BE ii i
7 Te é = = L & X -] < L E ¥ N = = =S (=
seed size level
0 27427 | 47567 | 207.27 | 209.00 | 44583 | 39267 | 23327 | 338.77 | 41450 | 313.00 | 193.00 | 415.00 | 69627 | 431.50 | 21827 | 350.585
02 716.00 | 19127 | 377.50 | 379.50 | 263.83 | 37433 | 260.00 | 341.17 | 315.00 | 771.17 | 521.00 | 328.50 | 33450 | 45333 27200 | 393.27
g 04 360.17 | 278.00 | 277.50 | 357.50 | 348.00 | 33583 | 449.77 | 65367 | 45733 | 29433 | 276.00 | 35883 | 51783 | 417.00 [ 282.83 | 377.64
08 550,67 | 31883 | 370.50 | 260.83 | 379.50 | 466.00 | 536,83 | 856.30 | 46467 [ 452.33 | 468.00 [ 45867 | 57617 | 35050 | 22083 | 448.72
0 446.766 | 32433 [ 451.50 | 285,77 | 43627 | 381.00 | 361.50 | 334.50 | 385.00 [ 223.00 | 191.00 [ 54033 | 391.00 | 26750 | 461.50 | 365.40
i 0.2 27100 | 41767 | 250.50 | 424.00 | 709.83 | 21083 [ 40827 | 341.00 [ 596,83 | 254.77 | 50083 | 292,67 | 56767 | 223.50 | 28533 | 383.65
04 21177 | 25500 | 321.27 | 240.50 | 54333 | 611,67 [ 37150 | 652.00 | 24733 | 412.77 | 483583 | 697.50 | 34133 | 614.00 | 378.00 | 425.45
08 375.00 | 50767 | 578.00 | 489.17 | 50867 | 631.67 [ 469.17 | 833.50 | 456.77 | 563.17 | 567.17 | 678.50 | 513.50 | 616.50 | 62167 | 560.67
Interaction | large 47528 | 31594 | 308.19 | 301.71 | 35929 | 39221 | 36997 | 547.53 | 412.88 | 457.71 | 364.50 | 39025 | 53119 | 413.08 | 24848 39255
s
Genotype,
&seed size | Small | 326.13 | 37617 | 400.32 | 359.86 | 549.53 | 458.79 | 40261 | 54025 | 42148 | 36343 | 43571 | 55225 | 45338 | 43038 | 436.63 433.79
Tt 0 360.52 | 40000 | 329.38 | 247.38 | 441.05 | 386,83 29738 | 336.63 | 399.75 | 268.00 | 192.00 | 477.67 | 543.63 | 349.50 | 339588 357.97
b:g:::n 0.2 493.50 | 30447 | 314.00 | 401.75 | 486583 | 292.58 | 33413 | 34108 | 45592 | 51297 | 51092 | 310.58 | 451.08 | 33842 | 27867 388.46
Genotype&k | 0.4 285,97 | 26650 | 299.38 | 299.00 | 44567 | 473.75 [ 41063 | 652.83 | 35233 | 35355 | 37992 | 52817 | 429.58 | 51550 | 33042 401.55
Fe 08 462,83 | 41325 | 474.25 | 375.00 | 44408 | 548.83 | 503.00 | 845.00 | 460.72 | 507.75 | 517.58 | 56838 | 544.83 | 48350 | 42125 504,70
Effect of Genotype | 400.70 | 346,05 | 354.25 | 330.78 | 45441 | 42550 | 38629 | 54389 | 41718 | 41057 | 400.10 | 47125 | 49228 | 421.73 | 34255
LSD for Gen.=116.39 Seedsize=42.5  Fe=60.105 Gen. x Seed size=164.6 Gen. xFe=232.78 Seed size x Fe=85.001 Gen. x Seed size x Fe=329.21
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Table 3. Iron concentration in the shoot of the 15 wheat genotypes

B2
Genot.vpesEasaﬁﬁsgqﬁ-‘aﬁ%gﬁigg‘f.HE
Sl | B |5 |3 | 2|2 |3 |3 |3 |F |4 |3 |3/|43|22} |é7|é
— 1 4 | B & 2| &g | & | & | & |F | 2| N E £ |3g% |28 |8
seed size Jevel -4
0 | 106.00 | 13800 | 220,77 | 130.33 | 307.50 | 125.77 | 357.67 | 130.77 | 396.00 | 167.00 | 320.27| 203.77 | 24227 | 122.00 | 223.27| 212.76
0.2 | 19527 26617 | 212.67 | 128.77 | 214.00 | 222.17 | 219.00 | 104,77 | 308.50 | 268.50 | 291.27| 204,77 | 238.33 | 161.50 | 555.17 | 239.39
e e [329.00 | 27267 | 30500 | 18567 | 229.80 | 15417 | 242,80 | 3900 | 152.07 | 166.00| 432.07| 172.80 | 168.67 | 185,80 | 543.00 | 28926
0.8 | 336.33 | 32750 | 144.50 | 30317 | 903.17 | 260.50 | 552.00 | 198.33 | 377.77 | 236.17| 437.50 | 218.67 | 141.33 | 249.17 | 698.00 | 358.94
0 | 93.67 | 11077 | 17427 | 117.77 | 162.50 | 108.50 | 112.00 | 177.27 | 324,00 | 333.33| 573.77| 110.50 | 166.27 | 188.00 | 456.27 | 213.99
quay |03 [ 30900 | 11883 | 61300 | 21863 | 27400 | 12380 | 40100 | 17500 | 1780 | 21439 | 266,33 | 46277 | 13100 | 11047 ] 376.17 | 26236
04 | 197.00| 23500 | 208.33 | 332,00 | 218.50 | 223.67 | 251.00 | 108.50 | 508.10 | 448.33 | 140.00 | 461.17 | 149.50 | 239.83 | 410.33 | 275.42
0.8 | 30330 | 32350 | 174.83 | 161.67 | 227.50 | 145.83 | 208.50 | 219.17 | 313.50 | 478.83 | 352.83 | 473.50 | 177.00 | 180.00 | 422.00 | 277.48
Interaction | large | 241.65 | 25108 | 220.73 | 186.98 | 413.54 | 190.65 | 342.79 | 206.09 | 308.61 | 209.42 | 367.80 | 199.93 | 197.65 | 172.00 | 504.86 267.59
b:ze::l
Genotype,
&seed size | Small | 225.79 | 196.03 | 292.61 | 206.82 | 220.63 | 15038 | 243.13 | 169.98 | 325.78 | 368.71 | 331.23 | 376.98 | 155.94 | 179.50 | 416.19 257.31
Interaction | 0 | 9983 [ 12488 | 197.52 | 12405 | 235.00 | 11713 | 23483 | 154.02 | 360.00 | 250.17 | 447.02 | 15713 | 204.27 | 155.00 | 339.77 213.37
b:‘f‘f:::n 0.2 | 25213 19000 | 412.83 | 172.30 | 244.00 | 172.83 | 310.00 | 139.88 | 233,00 | 241.42 | 274.80 | 333,77 | 184.67 | 135.83 | 465.67 250.88
Cenotype | 04 | 263.00 | 25383 | 256.67 | 258.83 | 224,00 | 188.92 | 246.75 | 249.50 | 330.13 | 307.17 | 281.08 | 316.83 | 159.08 | 197.58 | 476.67 267.34
Fs 0.8 | 319.92 | 32550 | 159.67 | 232.42 | 565,33 | 203.17 | 380.25 | 208.75 | 345.63 | 357.50 | 395.17 | 346.08 | 159.17 | 214.58 | 560.00 318.21
Effect of Cenotype | 233.72 | 22355 | 256.67 | 196.90 | 317.08 | 170.51 | 292.96 | 188.04 | 317.19 | 289,06 | 349.52 | 288.45 | 176.80 | 175.75 | 460.53
LSD forGen.=99.86  Seedsize=36.464  Fe=31.367  Gen.xSeedsize=14122 Gen. xFe=199.72 Seedsizex Fe=72.927 Gen. x Seed size x Fe=282.43
Table 4. Zinc concentration in the roots of the 15 wheat genotypes
" < « 25
Gmowpes | 2 | g | 5 (g |3 |8 |5 |8 |g|F %9 |F|g|q|fE5 )z
¢ | 2 | B | F|E|E|E| GBS g 2| | 5|4 |EB3F|Es |3e
— 1 4| B | & |F | & | & | F|&|F| 2|48 |3 || 2 |f55|5%E
seedsize | (oo A=
0 [ 102.83| 15100 | 137.00 | 96.17 | 145.00 | 229.67 | 128.83 | 97.33 | 173.67 | 115.83 | 83.50 | 120.33 | 132,50 | 160.83 | 202.33 | 138.46
02 | 13033 | 70.50 | 11425 | 217.33 | 72.67 | 90.17 | 15100 | 126.00 | 153.83 | 130.17| 115.83 | 112.83 | 105.83 | 223.50 | 98.33 | 127.51
o 04 | 197.00 | 10750 | 43.50 | 189.50 | 159.17 | 107.33 | 8525 | 124.83 | 109.00 | 219.50 | 46.83 | 87.77 | 178.80 | 101.50 | 55.00 | 120.81
0.8 | 9133 | 13800 | 91.83 | 92.00 |212.50| 122.83 | 8533 | 37.00 | 89.67 | 98.33 | 77.17 | 99.83 | 76.00 | 99.17 | 68.00 | 98.60
0 [ 15733 12483 | 112.33 | 175.50 | 105.67 | 110.67 | 12633 | 120.80 | 11567 | 121.17| 76.50 | 82.83 | 133.17| 109.00 | 137.67 | 120.61
gy |03 | 6783 | 18800 | 13267 | 14283 | 180.17 | 96.33 | 185,17 | 67.83 | 109.67 | 910 | 12680 | 16500 | 8533 | 10817 10800 | 12260
04 | 11500 | 56.00 | 99.83 | 8400 | 74.00 | 8183 | 60.50 | 76.00 | 127.00 | 69.17 | 197.00 | 88.50 | 57.77 | 10577 | 184.83 | 98.48
0.8 | 133.67 [ 22600 | 102.00 | 191.83 | 96.00 | 97.17 | 79.00 | 105.00 | 85.50 | 136.50 | 70.00 | 139.33 | 112.50 | 11567 | 115.33 | 120.37
Interaction | large | 130.38 | 11675 | 96.65 | 14875 | 147.33 | 137.50 | 112.60 | 96.29 | 13L.84 | 140.96 | 80.83 | 105,19 | 123.21 | 146.25 | 105.92 121.34
s
Genotype,
&seed size | Small | 118.46 | 14796 | 11171 | 14854 | 113.96 | 96.50 | 105,25 | 92.33 | 109.46 | 104.88 | 117.80 | 123.92 | 97.19 | 109.65 | 135.71 11551
Interaction | 0| 130.08 | 13792 | 124,67 | 13583 | 125.33 | 17017 | 127.58 | 108.92 | 144.67 | 11850 | 80.00 | 10158 | 132.88 | 13492 | 170.00 129.53
b:ge:n 0.2 | 99.08 | 12775 | 123.46 | 180.08 | 126.42 | 93.25 | 153.08 | 96.92 | 13175 | 110.83 | 121.17| 148.92 | 95.58 | 165.83 | 101.67 125.05
Genotype& | 0.4 | 156.00 | 8175 | 7167 | 136.75 | 116.58 | 94.58 | 72.88 | 100.42 | 118.00 | 144.33 | 12192 88.13 | 118.13 | 103.63 | 119.92 109.65
Lo 0.8 | 112.50 | 18200 | 96.92 | 141.92 | 15425 | 110.00 | 82.17 | 71.00 | 87.58 | 117.42| 73.58 | 119.58 | 9425 | 107.42 | 91.67 109.48
Effect of Genotype | 124.42 | 13235 | 10418 | 148,65 | 130.65 | 117.00 | 108.53 | 94.31 | 120.50 | 122.77| 99.17 | 114.55 | 110.20 | 127.95 | 120.81
LSD for Gen. =30.906 Seed size=11.285 Fe=15.960 Gen. x Seed size=43.707 Gen, x Fe=61.811 Seed size x Fe=22.570 Gen. x Seed size x Fe=87.414
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Table 5. Zinc concentration in the Shoot of the 15 wheat genotypes

.
s (3|3 | F | F || 3| F R P|F |G|k gy
— 1 4 Bl A (= | & | & |8 |[&|[= |8 || |2[=]|& HRER
seed size level -]
0 | 121.83| 10033 | 14277 | 114.43 | 7333 [ 207.33 | 119.00 | 75.17 | 12050 | 109.67 | 102.67| 133.67 | 79.27 | 126.50 | 185.00 | 120.83
0.2 | 11017| 13580 | 10133 | 126.00 | 140.83 | 167.50 | 110.83 | 13133 | 126.00 | 65.67 | 82.67 | 133.00 | 139.50 | 220.33 | 74.83 | 12437
e 04 9417 | 11767 [ 6533 | 137.00 | 109.17 | 163.67 | 162.67 | 117.83 | 177.67 | 113.50 | 77.33 | 83.17 | 135.00 [ 158.83 [ 112.83 [ 12L.72
0.8 | 5617 | 10907 | 16483 | 70.83 | 96.17 | 43.83 | 97.83 | 165.83 | 8233 | 103.33| 44.83 | 9350 | 188.80 | 77.17 | 103.33 | 99.84
0 | 179.77| 16833 | 142.00 | 74.50 | 108.00 | 109.17 | 302.77 | 135.50 | 95.83 | 78.50 | 106.00 | 107.33 | 126.00 | 77.67 | 79.33 | 126.08
g |03 [1309] 18930 | 18239 | 9280 | 20083 | 168.17 | 8450 | 87,67 | L4417 | 11917) 108 | 24180 | 9650 | 8680 | 8400 | 13186
04 162.00 | 103,67 | 15433 | 118.50 | 128,00 | 92.83 | 136.00 | 115.17 | 111.67 | 127.50 | 125,33 | 163.67 [ 92.67 | 78.17 [ 173.33 [ 125.52
0.8 129.00 | 84.33 7533 | 162,33 | 78.83 | 170.50 | 122.17 | 116.17 | 168.83 | 124.33 | 102.50 | 146.83 | 206.33 | 121.50 | 103.50 | 127.50
Interaction | large | 95.58 | 11592 | 118.57 | 112.07 | 104.88 | 145.58 | 122.58 | 122,54 | 126.63 | 98.04 | 76.88 | 110.83 | 135.87 | 145.71 | 119.00 116.69
b:ge::l
Genotype,
&seed size | Small | 150.28 | 13642 | 126.00 | 111.96 | 128,79 | 135,17 | 161.36 | 113.63 | 130.13 | 112.38 | 116.17| 162.33 | 130.38 | 90.96 | 110.04 127.73
Interaction | 0 | 15080 | 13483 | 14238 | 9447 | 90.67 | 158.28 | 210.88 | 10533 | 10817 | 94.08 | 10433 ) 12080 | 10263 | 10208 | 132.17 123.44
b::::n 0.2 | 12025 16242 | 11683 | 109.25 | 170.88 | 167.83 | 97.67 | 109.50 | 135.08 | 92.42 | 10675 | 182.25 | 118.00 | 153.42 | 79.42 128.11
Genotypek | 04 | 128.08 | 110,67 | 109.83 | 127.75 | 11858 | 128.25 | 149.33 | 116.50 | 144.67 | 120.50 | 101.33 | 12342 | 113.83 | 118.50 | 143.08 123.62
B 0.8 | 92.58 | 96.75 | 12008 | 116,58 | 87.50 | 107.17 | 110.00 | 141.00 | 125,58 | 113.83 | 73.67 | 120.17 | 197.42 | 99.33 | 103.42 113.67
Effect of Genotype | 122.93 | 12617 | 12228 | 112,01 | 116,83 | 140.38 | 141.97 | 118.08 | 12838 | 105,21 | 96.52 | 13638 | 132.97 | 118.33 | 114.82
LSD forGen.=34.304  Seedsize=12.826  Fe=17718  Gen.x Seedsize=48514 Gen. xFe=68.609 Seed size x Fe=15.052 Gen. x Seed size x Fe=07.027
Table 6. Copper concentration in the roots of the 15 wheat genotypes
.e
cmoves | E a3 g3 5|58 s 3|59 |3|s]|8 [$E sl
S VE | Bl A E|E|E || A3 |E |3 |5 |3 |3 |§25 &7
— 1 4 |F |8 |5 | & |8 | & | &% |2 ||| 3 g (333|585
seed size | 1o )]
0 | 593.33 | 38333 | 565.00 | 445.00 | 760.00 | 39667 | 511.67 | 350.00 | 240.00 | 58333 | 98333 | 986.67 | 160.00 | 47833 | 342.50 | 518.61
0.2 | 401.67 | 88833 | 565.00 | 37167 | 39167 | 695.00 | 487.50 | 83333 | 321,67 | 39333 | 326,67 | 122333 | 368.33 | 47167 | 121833 | 597.17
i 04 | 69333 | 61667 | 332.50 | 241.67 | 35833 | 26667 | 440.00 | 30000 | 346,67 | 26167 | 222.50 | 940.00 | 308.33 | 33167 | 627.50 | 419.17
0.8 | 245.00 | 30500 | 355.00 | 377.50 | 46000 | 280.00 | 603.33 | 290.00 | 36500 | 62833 | 51333 | 496.67 | 685.00 | 285.00 | 320.00 | 413.94
0 | 493.33 | 70833 | 502.50 | 247.67 | 40833 | 36250 | 402.50 | 31000 | 302.50 | 595.00 | 49833 | 707.50 | 448.33 | 30000 | 735.00 | 468.12
0.2 | 71333 | 44500 | 575.00 | 490.00 | 24667 | 585.00 | 373.33 | 575.00 | 450.00 | 33000 | 27167 | 109500 | 108500 | 68500 | §73.33 | 586.22
Ty 04 | 82167 | 94500 | 205.00 | 592.50 | 77167 | 29333 | 592.50 | 77167 | 71500 | 74333 | 260.00 | 705.00 | 640.00 | 19000 | 306.67 | 570.22
0.8 | 605.00 | 26230 | 243.33 | 240.00 | 37250 | 59333 | 102667 | 28667 | 162.50 | 59333 | 22500 | 580.00 | 302.50 | 45500 | 640.00 | 439.22
In(e;flction large | 48333 | 54833 | 45438 | 358.96 | 49250 | 409.58 | 510.63 | 44333 | 31833 | 46667 | 511.46 | 911.67 | 380.42 | 39167 | 627.08 48722
ol
Genotype,
&seed size | Small | 658.33 | 59021 | 381.46 | 392.54 | 449.79 | 45854 | 598.75 | 48583 | 40750 | 56542 | 31375 | 771.88 | 618.96 | 407.50 | 638.75 51595
Interaction | 0| 54333 | 54583 83375 | 346.33 | 58417 | 37958 | 457.08 | 330.00 | 27125 | 569.17 | 74083 | 84708 | 30417 | 3897 | 538.75 49337
effect 0.2 | 557.50 | 666,67 | 570.00 | 430.83 | 31917 | 64000 | 430.42 | 70417 | 38583 | 36167 | 299.17 | 115917 | 726.67 | 57833 | 104583 59169
CZ:::-:& 04 | 757.50 | 78083 | 268.75 | 417.08 | 565.00 | 280.00 | 516.25 | 53583 | 530.83 | 50250 | 24125 | 822.50 | 474.17 | 26083 | 467.08 49469
Fe 0.8 | 425.00 | 283.75 | 299.17 | 308.75 | 41625 | 43667 | §15.00 | 28833 | 263.75 | 61083 | 369.17 | 53833 | 493,75 | 37000 | 480.00 4268
Effect of Genotype | 570.83 | 569.27| 417.92 | 375.75 | 47115 | 434.06 | 554.69 | 464.58 | 36292 | 516.04 | 41260 | 841.77 | 499.69 | 39958 | 632.92
LSD for Gen. =158.000 Seedsize=37.693  Fe=81.590 Gen. x Seed size=223.440 Gen.xFe=316000  Seedsizex Fe=115.390 Gen. x Seed size x Fe=446.890
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Table 7. Copper concentration in the Shoot of the 15 wheat genotypes

.
AEAR AR AR E AR AR AR R AR AR R L H s
g Fe = s - < = - g | =R
seed size level i)
0 | 8007 | 1133 | 6417 | 6.50 | 33.67 | 74.00 | 46.00 | 29.33 | 67.83 | 68.83 | 31.67 | 17.67 | 29.50 | 63.67 | 12.83 | 42.48
0.2 | 83.67 | 14.50 | 53.83 | 79.00 | 4627 | 9.83 | 72.00 | 48.33 | 32.33 | 17.33 | 12.00 | 71.83 | 44.17 | 67.00 | 90.00 | 49.47
faree 04 | 27.50 | 13.27 | 32.67 | 67.83 | 63.33 | 6533 | 11.33 | 30.83 | 20.67 | 49.50 | $0.83 | 2.00 | 21.00 | 17.27 | 124.67| 4187
0.8 | 1567 | 74.77 | 13.67 | 4117 | 48.83 | 17517 | 69.50 | 31.00 | 18.00 | 14.33 | 1633 | 16.50 | 23.77 | 3.00 | 57.50 | 4128
0 | 835 | 3327 | 3600 | 13.00 | 16.67 | 82.33 | 72.50 | 45.50 | 40.00 | 39.00 | 75.83 | 86.00 | 49.00 | 19.67 | 22.00 | 47.62
s 0.2 | 1833 | 22.50 | 2517 | 36.33 | 32.67 | 104.67 | 19.00 | 877 | 42.33 | 12.83 | 12.83 | 51.00 | 119.67 | 61.33 | 23.00 | 39.36
04 | 13.00 | 47.00 | 11.67 | 4577 | 4027 | 19.00 | 6.27 | 47.33 | 67.50 | 20.27 | 16.83 | 40.00 | 34.83 | 28.17 | 11.50 | 29.96
0.8 | 39.00 | 40.50 | 8.67 | 53.00 | 1127 | 10.50 | 527 | 68.33 | 3567 | 8133 | 1250 | 41.50 | 78.33 | 5L.00 | 2127 | 37.21
Interaction | large | 5175 | 28.47 | 41.08 | 48.63 | 48.03 | $1.08 | 49.71 | 34.88 | 34.71 | 37.50 | 3521 | 27.00 | 2961 | 37.73 | 7125 4378
o
Genotype,
&seed size | Small | 38.46 | 35.82 | 2038 | 37.03 | 2522 | 5413 | 2576 | 42.48 | 4638 | 38.36 | 29.50 | 54.63 | 70.46 | 40.04 | 19.44 38.54
Interaction | 0 | 8183 [ 2230 | 5008 | 9.75 | 2517 | 7817 | 5925 | 3742 | 5392 | 53.92 | 53.75 | 5183 | 3925 | 4167 | 17.42 45.08
b::‘f::n 02 | 5100 | 18.50 | 39.50 | 57.67 | 39.47 | 57.25 | 45.50 | 28.55 | 37.33 | 15.08 | 1242 | 6142 | 8192 | 64.17 | 56.50 44.42
Genotype& | 0.4 | 2025 | 30.13 | 2217 | 56.80 | 51.80 | 42.17 | 8.80 | 39.08 | 44.08 | 34.88 | 48.83 | 21.00 | 27.92 | 22.72 | 68.08 3591
K 0.8 | 2733 | 57.63 | 1117 | 47.08 | 30.05 | 92.83 | 37.38 | 49.67 | 26,83 | 47.83 | 14.42 | 29.00 | 51.05 | 27.00 | 39.38 39.24
Effect of Genotype | 45.10 | 32.14 | 3073 | 42.83 | 36.62 | 67.60 | 37.73 | 38.68 | 40.54 | 37.93 | 32.35 | 40.81 | 50.03 | 38.89 | 4535
LSD for Gen.=19.189 Seed size=7.0068 Fe=9.9091 Gen. x Seed size=27.137 Gen. xFe=38.378 Seed size x Fe=14.014 Gen. x Seed size x Fe=54.274
Table 8. Manganese concentration in the roots of the 15 wheat genotypes
e
SRR EE R AR AR AR R RE R AR REE I D
: Fe 3 & & & < e Fol ] = & g | =E =
seed size | o i3
0 | 483.77| 39150 | 398.77 | 382.33 | 384.00 | 345,50 | 297.77 | 527.50 | 279.17 | 535.50 | 303.50 | 361.83 | 295.33 | 299.30 | 397.83 | 378.92
0.2 | 204.50 | 36417 | 460.83 | 143.17 | 326.83 | 437.17 | 368.33 | 363.00 | 304.50 | 286.83 | 249.67 | 484.67 | 405.50 | 622.00 | 518.50 | 369.31
s 04 |397.33| 31483 | 335.00 | 155.00 | 420.00 | 173.00 | 256.17 | 375.00 | 418.67 | 509.50 | 586.00 | 363.83 | 334.50 | 236.33 | 474.50 | 356.64
0.8 |416.33| 18927 | 217.50 | 28127 | 170.83 | 354.50 | 396.00 | 340.27 | 402.17 | 242.77 | 337.50 | 253.00 | 376.83 | 279.50 | 284.50 | 302.82
0 | 2365 | 21500 | 294.50 | 366.77 | 308.50 | 546.17 | 376.83 | 431.33 | 525.00 | 277.17 | 400.00 | 510.50 | 598.50 | 281.83 | 308.00 | 378.44
. 02 | 391.83 | 20067 | 446.00 | 326.17 | 375.83 | 383.50 | 221.00 | 241.33 | 377.17 | 331.83 | 229.83 | 620.33 | 519.00 | 290.67 | 369.67 | 354.99
04 |329.33| 47250 | 40517 | 362.17 | 325.50 | 356.17 | 268.83 | 317.00 | 664.67 | 336.00 | 405.00 | 347.67 | 286.83 | 185.83 | 296.00 | 357.24
0.8 |379.50 | 21150 | 399.50 | 257.50 | 300.67 | 265.17 | 412.50 | 364.50 | 299.77 | 308.50 | 473.67| 255.50 | 280.50 | 228.77 | 256.17 | 312.91
Interaction | large | 375.48 | 31494 | 353.03 | 240.44 | 325.42 [ 327,34 | 329,57 | 401.44 | 35113 | 393.63 | 369.17| 365.83 | 353.04 | 359.33 | 418.83 35192
Kemen
Genotype,
&seed size | Small | 33429 [ 27492 | 386.29 | 328.15 | 327.63 | 387.75 | 319.7 | 338.54 | 466.65 | 313.38 | 377.13 | 433.50 | 421.21 | 246.78 | 307.46 350.90
Interaction | " | 36013 | 30325 | 36,63 | 374.55 | 346.25 | 445.83 | 337.30 | 47942 | 402.08 | 406.33 | 35175 | 436,07 | 446.92 | 290.67 | 352.92 378.68
b:'f‘f'e::n 0.2 | 29817 28242 | 483.42 | 23467 | 351.33 | 410.33 | 294.67 | 302.17 | 340.83 | 309.33 | 239.75 | 552,50 | 462.25 | 456.33 | 444.08 36215
Genotyped | 0.4 | 363.33 | 39367 | 370.08 | 258.58 | 372.75 | 264.58 | 262.50 | 346.00 | 541.67 | 422.75 | 495.50 | 35575 | 310.67 | 211.08 | 385.25 356.94
e 0.8 |397.92| 20038 | 308.50 | 269.38 | 235.75 | 309.83 | 404.25 | 352.38 | 350.97 | 275.63 | 405.58 | 254.25 | 328.67 | 254.13 | 270.33 307.86
Effect of Genotype | 354.89 | 29493 | 369.66 | 284.30 | 326.52 | 357.65 | 324.68 | 369.99 | 408.89 | 353.51 | 373.15 | 399.67 | 387.13 | 303.05 | 363.15
LSD for Gen.=83.779 Seedsize=30.592  Fe=43.263 Gen. x Seed size=118.480 Gen. xFe=167.560 Seed size x Fe=61.184 Gen. x Seed size x Fe=236.9
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Table 9. Manganese concentration in the Shoot of the 15 wheat genotypes

.
L] = nt8 | ;
Genotypes g a = & I H g g = 2 i ] = 2 Q| EE=| %8 |%
o 3 8 E - . v = H 4 H g = - 2T | v [T
b S H 3 H H H 2 ] 3 £ z H = - ESe | 8= |E=
¢ | & & 3 2| & | & 2|8 IS Pl 2| F |e3% |EE|E
: Fe | 2 B Lo P < . e e = B | g [ ™
seed size | 1o g
evel
0 515,33 | 24400 | 284,00 | 236,17 | 390.17 | 195.00 | 349.67 | 311.33 | 485,00 | 278,83 | 351.83 | 279.00 | 264.00 | 324.00 | 344.00 | 323.49
i 0.2 | 308.50 | 280.00 | 243.17 | 329.17 | 288.00 | 259.67 | 257.00 | 254.67 [ 382.17 | 185.00 | 306.50 | 280.33 | 195.50 | 109.17 | 469.50 | 276.56
arge
0.4 | 411.83 | 24633 | 333.83 | 132.17 | 267.67 | 163.50 | 239.33 | 260.33 [ 377.17 | 184.67| 428.17| 337.00 | 280.50 | 201.50 | 351.17 | 281.01
0.8 [ 203.27 | 42967 | 21333 | 287.27 | 524.50 | 274.33 | 432,00 | 13177 | 381.33 | 194.00 | 163.17| 245.17 | 325.27 | 295.00 | 502.33 | 306.83
0 217.33 | 28033 | 130.33 | 278.83 | 335.83 | 359.83 | 533.67 352,67 [ 321.33 | 357.17| 448.00 | 378.83 | 200.33 | 294.17 | 420.67 | 327.29
_— 0.2 | 371.83 | 24250 | 350.50 | 301.33 | 338.17 | 461.33 | 320.50 | 321.83 | 361.00 | 247.00 | 176.00 | 573.17 | 302.33 | 206.67 | 326.50 | 326.71
ma
0.4 | 259.67 | 49317 | 243.67 | 379.17 | 373.50 | 277.83 | 344.17 | 242.17 | 357.83 | 327.50 | 338.83 | 311.67 | 398.50 | 319.33 | 221.83 | 325.92
0.8 | 186.00 | 44250 | 241.67 | 132,77 | 219,77 | 133.27 | 268.83 | 282,00 | 136.50 | 156,77 | 281.77 | 251.50 | 193.17 | 211.67 | 412.00 | 236.68
].me;facﬁon large | 359,73 | 30000 | 268.58 | 246.19 | 367.58 | 223,13 | 319.50 | 239.53 | 406.42 | 210.63 | 312.42 [ 285.38 | 266.32 | 232.42 | 416.75 296.97
effect
between
Genotype,
&seed size | Small | 258,71 | 36463 | 241.54 | 273.03 | 316.82 | 308.07 | 366.79 | 299.67 | 294.17 | 272.11 | 31115 | 378.79 | 273.58 | 257.96 | 345.25 304.15
o 5 0 | 366.33 | 26217 | 207.17 | 257.50 | 363.00 | 277.42 | 441.67 | 332,00 | 403.17 | 318.00 | 399.92 | 328.92 | 232,17 | 309.08 | 382.33 32539
b‘"’“ 0.2 [ 340.17 | 26125 | 296.83 | 315.25 | 313.08 | 360.50 | 288,75 | 288.25 | 371.58 | 216,00 | 241.25 | 426.75 | 248.92 | 157.92 | 398.00 301.63
etween
Cenotype& | 0.4 | 33575 | 369.75 | 288.75 | 255,67 | 320.58 | 220.67 | 291.75 | 251.25 | 367.50 | 256.08 | 383.50 [ 324.33 | 339.50 | 260.42 | 286.50 303.47
F
& 0.8 | 194.63 | 43608 | 227.50 | 210.02 | 372.13 | 203.80 | 350.42 | 206.88 | 258.92 [ 175.38 | 222.47| 248.33 [ 259.22 | 253,33 | 457.17 27175
Effect of Genotype | 309.22 [ 33231 | 25506 | 259.61 | 342.20 | 265.60 | 343.15 | 269.60 | 350.29 | 241.37 | 311.78 | 332,08 | 269.95 | 245.19 | 381.00
LSD for Gen. =74.708 Seedsize=27.28  Fe=38.579  Gen.x Seed size=]0565 Gen. xFe=14942 Seed size x Fe=34.559 Gen. x Seed size x Fe=211.31
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