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Table 1- Genotype number, name and origin of studied oats genotypes

wy}o)\‘»ﬁ Af/fwb slico [Septys o)Lo..D Af/fwb sliio
Genotype Number Code/Name Origin Genotype Number Code/Name Origin
GO1 1Z0P95 Saskatchewan (Canada) GI8 Brusher SARDI (SA, Aus)
G02 Glider SARDI (Aus) G19 Dalyup WADA (Aus)
GO03 GriseD'Hiver France G20 GA Mitchell Georgia (USA)
G04 1L92-6745 [llionis (USA) G21 Kingfisher UK
GO5 L'Gorskij 1 026 USSR G22 Nasta Finland
G06 Mortlock WADA (Aus) G23 NZ2101 New Zealand
GO07 NZ2742 New Zealand G24 Preston Minnesota (USA)
GO08 ND873364 North Dakota G25 UFRGS123 Brazil
G09 OH1022 Ohio (USA) G26 UFRGS 940257-1 Brazil
GI10 Possum SARDI (SA, Aus) G27 470P95 Saskatchewan
Gl1 Quoll SA (Aus) G28 AK-5 Japan
G12 Swan WADA (Aus) G29 Ozark Arkansas (USA)
G13 UPF 775456 Brazil G30 C-1/130 Minnesota (USA)
Gl4 Wallaroo SARDI (SA, Aus) G31 UFRGS 94-98 UK
G15 Wandering WADA (Aus) G32 Force e
G16 Wintaroo SARDI (SA, Aus) G33 1A 91098-2 lowa (USA)
G17 Arnold ..l
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Figure 1- Monthly total rainfall (mm) and temperature (°C) during 2011-2012 cropping season
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Table 2- Physical and chemical properties of field soil sample

Soil texture Fe Zn K P N O0.C TNV pH EC
ppm YA dsm™
Clay 3.62 1.20 490 5 0.012 1.25 125 7.6 0.31

I 025 10.CtpundS iy S o py 02595 35 Dlgo Mo yd : TNV
T.N.V: total neutralizing value; O.C: Organic Carbon
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Table 3- Analysis of variance for studied traits of oat genotypes in complete irrigation and moisture stress conditions

MS
S.0.V. df Fe Zn Fe Uptake Zn Uptake
S NS S NS S NS S NS
Rep. 1 9940 84262° 83.59 6.95 84664 452977  480.1  8873.9
Gen. 32 3430 8554  80.67 54.21 18225.6° 31064.1 3907.6" 8513.9
Error 32 4944 7042 10297 81.03 10074.3 38678.6  1311.4  4940.1
CV% - 2513 2878 2500 21.09 3299 43.39 26.23 32.86
Table 3- Continued -¥' Jgus aol>!
MS
SO.V. df GY NSP NPA TSW
S NS S NS S NS S NS
Rep. 1 189776 5700294  93.74 275.7 23758.5 105122 1.0 0.19
Gen. 32 22308137 3331085° 193427 1746.07 34072.47 63057.37 36.7 488"
Error 32 538593 1791849  404.9 160.18 4779.2 20235.8  2.18 433
CV% - 21.20 27.03 32.52 23.91 18.17 26.93 495  6.36
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“and " Significant at the 5% and 1% probability levels, respectively.; S and NS: Moisture stress and Non-stress, respectively; CV;

Coefficie
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GY: Grain yield; NSP: Number of spike per panicle; NPA: Number of panicle per m?; TSW: Thousand seed weight; Fe: Grain iron
concentration; Zn: Grain zinc concentration; Fe uptake: Grain iron per hectare; Zn Uptake: Grain zinc per hectare
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Table 4- Mean comparison of studied traits in moisture stress and complete irrigation conditions

Gen. No. Fe(PPM) . Zn (PPM) ., _Fe Uptake (gha™) o, _ZnUptake (gha™) .

S NS R% S NS R S NS R% S NS R%

1 92.88 9140 -1.6 3772 47.04 19.8 397.8 5263 244 157.63 271.70 42.0
2 78.67 7696 22 3203 43.12 257 2350 3981 41.0 92.66 22457 587
3 90.54 83.19 -8.8 3688 3726 1.0 4003 4613 132 16286 20741 215
4 9727 82.84 -174 3895 4542 142 4191 5158 188 169.80 28525 405
5 97.02 86.16 -12.6 4380 4453 1.6 2854 5063 43.6 12862 25529 496
6 11428 91.16 -254 5498 4515 -21.8 2468 5053 512 11841 259.60 544
7 7142 8796 188 34.62 4426 21.8 1732 2689 356 8380 13541 38.1
8 64.02 15926 598 39.46 3854 2.4 1398 6311 776 86.17 13667 37.0
9 101.07 91.80 -10.1 43.69 50.11 12.8 4259 3120 -36.5 18322 163.65 -12.0
10 86.39  67.56 -27.9 38.80 4878 20.5 3384 2605 -29.9 15433 188.04 179
11 81.30  65.07 -249 3727 46.01 19.0 529.7 4254 245 24133 299.92 19.5
12 8524 102.62 169 5334 4786 -11.5 2728 5466 50.1 17243 25257 31.7
13 8521 101.12 157 4427 3787 -169 1640 2441 328 8529 9368 9.0
14 11227 99.10 -133 27.81 30.07 7.5 2845 3807 253 5481 12624 56.6
15 7495  63.59 -17.9 3535 5034 29.8 3465 3428 -1.1 16557 25708 356
16 88.93 8437 54 5013 39.01 -240 3385 6025 43.8 18378 27949 342
17 103.19 9387 -99 40.68 41.13 -21.9 2137 3417 375 10539 15057 29.8
18 76.59 7728 09 4148 3574 -13.8 3465 4676 259 183.66 21547 148
19 98.51 110.73 11.0 4240 4476 7.3 4395 7624 424 18595 29649 373
20 91.37  83.00 -10.1 4251 47.14 10.1 3852  560.1 312 17798 317.65 44.0
21 78.81  90.81 132 4121 4492 54 2007 4567 56.1 100.86 222.15 54.6
22 71.52 11379 372 3387 3279 257 2189 5447 598 11845 17847 336
23 7693 117.84 347 2856 44.00 23.0 317.8 4345 269 14200 14695 3.4
24 57.94 8243 297 4412 4638 384 1421 4653 695 7146 261.16 72.6
25 88.21 10321 145 4413 43.11 -2.3 4434 5744 228 22165 23360 5.1
26 11125 12535 113 46.60 37.60 -174 3267 2920 -11.9 12878 8831 -458
27 88.35 131.77 33.0 46.60 4345 -7.3 2800 6984 599 139.19 20495 32.1
28 97.88 100.04 22 4677 36.64 277 2248 3945 43.0 10478 138.00 24.1
29 9127 79.72 -145 4370 4294 -1.8 3244 4856 332 15528 262.89 409
30 88.91 8345 62 4281 3695 -159 3364 3430 19 16179 15159 6.7
31 8443  69.15 -22.1 3468 39.86 13.0 2275 3230 29.6 9406 18822 50.0
32 93.65 76.50 224 37.66 4256 11.5 2647 4290 383 108.63 24027 548
33 98.85 68.85 -43.6 3279 5271 37.8 3492 4539 231 11491 32362 645
Avr 8846 9219 0.1 4056 42.67 33 3042 4532 289 13805 21383 354
Max 11428 15926 59.8 5498 5271 384 5297 7624 77.6 24133 32362 726
Min 57.94 6359 -43.6 27.81 30.07 -27.7 139.8 2441 -36.5 5481 8831 -458

LSD5% 4528  54.05 - 2067 1833 - 2045  400.6 - 7376  143.17 -
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Table 4- Continued -£ Jgas 4ol

Gen.No. GY (Kgha) NSP NPA TSW (g) R
S Ns  R% S Ns  R% S Ns R% T3 Ns R
1 4233 5823 273 9557 88.78 -7.6 1648 4665 647 2752 3138 123
2 2944 5206 435 38.62 31.04 245 501.0 4507 -11.1 3040 34.78 12.6
3 4414 5555 205 10374 50.59 -105.6 3454 4165 438 2450 31.36 219
4 4537 6232 272 7626 4530 -683 399.1 4590 13.0 2536 29.16 13.0
5 2945 5803 493  69.61 96.14 276 1769 211.0 162 23.80 30.12 20.0
6 2153 5690 622 3554 40.83 129 4028 663.6 393 3057 31.66 3.4
7 2411 3053 21.0 9856 58.19 -69.4 1852 2739 324 29.02 34.42 15.7
8 2142 3475 384 1035 89.69 -154 368.6 284.1 -29.7 2470 2648 6.7
9 4474 3372 325 7740 41.86 -849 5213 5507 53 31.02 37.02 162
10 3999 3862  -3.5 4635 2876 -612 4973 5183 4.05 3332 3692 9.8
11 6491 6562 1.7 4510 3830 -17.51 6167 608.1 -1.41 32.62 3820 14.6
12 3177 5375 409 37.61 3945 47 3704 4516 18.0 3824 42.06 9.1
13 1922 2438 212 2979 3830 222 2139 2638 189 31.88 3432 7.1
14 2477 3648 32.1 3059 42.84 28.6 401.0 5969 32.8 3336 3622 7.9
15 4623 5249 119 5773 3564 -62.0 412.1 6358 352 3450 37.80 8.7
16 3802 7163 469 3738 3280 -140 3287 671.0 510 34.14 3924 13.0
17 2078 3631 428 12450 11519 8.1 2435 3360 27.5 2438 2640 7.7
18 4514 5741 214 30.13 4646 351 4565 7423 385 3372 3621 6.9
19 4619 6542 294 3795 4553 166 599.1 800.6 25.15 32.78 37.84 134
20 4186 4736 379 4301 4144 38 4612 6802 322 3586 36.94 2.92
21 2442 4809 492 6394 6026 -6.1 2722 389.6 30.12 2506 2636 4.9
22 2805 4934 413 137.77 14622 58  262.1 2545 -3.0 30.87 24.45 263
23 4239 3378 255 6877 23.32 -1949 4889 7089 31.0 27.64 2990 7.6
24 2720 5609 515 6624 5659 -17.1 2815 421.1 332 2412 2623 8.0
25 5007 5321 5.9 3485 22.66 -53.8 601.0 8144 262 3134 3578 124
26 2930 2361 241 1691 2093 192 5612 5146 -9.0 37.80 40.28 6.2
27 3132 4935 365 10730 9338  -149 180.6 352.6 48.8 25.66 29.60 13.1
28 2298 38900 409 47.84 30.83 552 317.6 570.1 4428 2836 26.10 -8.7
29 3555 6094 417 3128 2376 -31.6 5204 8348 37.66 32.08 3542 9.4
30 3775 4106 8.1 91.08 7883 -155 2989 4387 34.1 2448 2958 17.2
31 2710 4684 42.1 38.18 4224 9.6 3445 4313 20.1 3320 3147 55
32 2869 5564 484 4453 2662 673 3667 7941 53.8 28.84 32.12 102
33 3517 6541 462 7395 7406 0.1 3982 6238 362 2370 33.82 0.5
Avr 3485 4951 30.1 61.86 52.93 232 3803 528.1 279 2984 32.71 9.7
Max 6491 7163 622 137.77 14622 351 6167 8348 64.7 3824 42.06 263
Min 1922 2361 -32.5 1691 2093 -1949 1648 211.0 -29.7 2370 23.82 8.7

LSD5% 14949 27266 - 4098 2578 - 1408 2898 - 301 423 -

3 ol luie) Fes gby (i 51 0 Caio @l 0oy R% (aibVe =+ 50) TSW e yio jd adgs i) NPA (asgs 5 ald sla) NSP (ails 5 ,Shee) GY

Loyl NS £ ngboy (25 baslyds S s Lawgs o cdlyys (g9, ,lde) Zn Uptake (4l bawgs oad sl oyal lide) Fe Uptake (4 )3 (g5, jlids ) Zn g(ash

B ]
GY: Grain yield; NSP: Number of spike per panicle; NPA: Number of panicle per m? TSW: Thousand seed weight; R%: The
percentage of trait variation due to moisture stress; Fe: Grain iron concentration; Zn: Grain zinc concentration; Fe uptake: Grain iron
per hectare; Zn Uptake: Grain zinc per hectare; S and NS: Moisture stress and Non-stress, respectively.
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Fgby (A 9 oS (yll bl b o (o 12390 Sl (s 83U (Siaurod —0 Jgux
Table 5- Simple correlation coefficients between different traits in complete irrigation and moisture stress conditions

GY NSP NPA TSW Fe Zn Fe Uptake  Zn Uptake
GY 1 -.119 0.579" 0.213 -0.045 -0.148 0.918" 0.8917
NSP -0.017 1 -0.563"  -0.6637  -0.264 -0.057 -0.188 -0.151
NPA -3 0.439"  -0.646" 1 0.5107  0.170  -0.068  0.594" 0.5207
TSW I 0068  -0.623"  0.409 1 0.142  0.193 0.244 0.316 3
Fe 3 0.438° 0.288 -0.275 -0.167 1 0.378" 0.342 0.083 K
Zn \_? 0.335 -0.165 0.134 0.109 0 3‘5 " 1 0.008 0.305 %
2 )
FeUg’tak 0.621" 0.239 0.213 -0.080  0.406°  0.051 1 0.871°"
ZnUptak 0952 0065 0413 0.092 T 0590 0.544™ 1
e 0.470

2038 g gy Jleis] o )3 Jbgine s T o
*and ”*: Significant at the 5% and 1% probability levels, respectively
Fe Uptake (x> )3 (g9 o) Zn (ails ;3 oyl jluie) Fe (ailsVe v+ y39) TSW (mpe yio p> adgs sluss) NPA (asgs )3 4ils o) NSP (il 5 Slhee) GY

JolS” ()bl Ll NS ¢ ioboy (25 byl S (il Lausgs o cudldy g5y Jaie) Z0 Uptake f(als bausgy o cudlyy opnl ko)
GY: Grain yield; NSP: Number of spike per panicle; NPA: Number of panicle per m?; TSW: Thousand seed weight; Fe: Grain iron
concentration; Zn: Grain zinc concentration; Fe uptake: Grain iron per hectare; Zn Uptake: Grain zinc per hectare; S and NS:
Moisture stress and Non-stress, respectively.
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Introduction

Oat is an important crop which is cultivated in 9,679,190 hectares and produced as much as 22,504,708 ton
worldwide (FAO. 2011). This crop is used mainly as forage cereal; however, it is also used for human
consumption in the form of oatmeal and rolled oats because of high amounts of B and E vitamins (25).
Regarding to calcareous soils of Kermanshah province (Iran) and the importance of iron and zinc functions in
human societies and efforts to find out a way to solve the problems caused by their deficiencies, an experiment
was performed to investigate the genetic diversity among oat genotypes in term of iron and zinc contents in grain
and agronomical traits under complete irrigation and moisture stress conditions.

Materials and Methods

The experiment was carried out with 33 oat genotypes (Tablel) in a randomized blocks design with two
replications under complete irrigation and terminal drought stress conditions at the Research Farm of Campus of
Agriculture and Natural Resources of Razi University, Kermanshah during 2011-2012 cropping seasons. Oat
genotypes collected from different countries of the world were obtained from South Australian Research and
Development Institute (SARDI). Sowing was performed by hand at five row plots, 1.2 m length, and 0.20 m row
spacing. Regarding the amount and distribution of rainfall (Figure 1), irrigation was carried out five and two
times at complete irrigation and terminal moisture stress conditions, respectively. Terminal (end-season)
moisture stress was imposed at flowering stage. The rainfall at the cropping year of the experiment was 308 mm.
Chemical fertilizer, herbicide and pesticide were not used at both sites. Before planting, the soil samples were
collected from 0-30 cm depth from different parts of the field, air dried, passed a 2 mm sieve, and different
physiochemical characteristics (Table 2) such as pH, EC, organic matter, zinc and iron contents of the sampled
soil were determined (Page et al., 1982). At full physiological maturity, two middle rows of each plot were
harvested to determine agronomic traits, grain’s iron and zinc concentrations. Grain Fe and Zn concentrations
were measured by Atomic Absorption Spectrometer.

Results and Discussion

The stress intensity was calculated as much as 30.1% (Table 4). In complete irrigation condition, the average
grain yield was 4951 kg/ha and “Wintaroo” (7163 kg/ha) performed better grain yield than others. In moisture
stress condition, the average grain yield was 3485 kg/ha and “Quoll” (6491 kg/ha) showed better grain yield than
others. The reported average grain yields were much higher than oat’s average grain yield in world which was
2325 kg/ha for 2011 (9).

Results showed that oat genotypes did not significantly differ in grain’s Fe and Zn concentrations in both
conditions. But, the range of data for iron in oat grain was from 63.59 (Wandering) to 159.26 (ND873364) and
from 57.94 (Preston) to 114.28 mg/kg (Mortlock) in complete irrigation and moisture stress conditions,
respectively. This range for zinc in oat grain were from 30.07 (Wallaroo) to 52.71 (IA91098-2) and from 27.81
(Wallaroo) to 54.98 mg/kg (Mortlock) in complete irrigation and moisture stress conditions, respectively. The
analysis of variance showed significant variation among genotypes for iron and zinc uptakes under moisture
stress condition. Due to higher grain yield of “Quoll” under moisture stress condition and acceptable grain yield
in complete irrigation condition, the highest amount of iron and zinc of grain per hectare was found in “Quoll”
under both conditions. The comparison of traits between complete irrigation and moisture stress conditions
indicated that stress reduced most of traits, although these reductions were not considerable for iron and zinc in
oat grains. As these reductions varied among genotypes, therefore, it could be concluded that the reductions or
even increases in iron and zinc concentrations due to moisture stress were highly genotypic dependent. The
results of coefficient correlations indicated that there was a positive significant correlation between zinc and iron
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uptake which could be helpful in breeding programs. The positive correlations between the concentration of zinc
and iron in grains were also reported in the previous studies (Cakmak et al., 2004; Welch and Graham, 2005).

Conclusions
According to the results of this research, it can be concluded that the ranges of variations in iron and zinc in
oat genotypes were considerable and useful which can be applied in continuing breeding programs. Moreover,
“Quoll” (south Australian cultivar) could be introduced as a cultivar with high grain yield, high grain iron and
zinc per hectare under moisture stress condition in Kermanshah province (Iran).
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