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ABSTRACT

Due to wheat cultivation in semi-arid regions of the world, much attention is paid to the production these
days and introduction of cultivars that do not have a significant yield reduction during drought condition.
The healthy and developed roots increase the efficiency of water and nutrients absorption that increase the
yield. In this research, root length and number, total length of roots and shoot in embryo stage, root fresh
and dry weights, volume, length, shoot length and weight, number of leaves and tillers and also root traits
like fineness, diameter, water content, root length, length density, specific mass, texture density, mass
density, surface area and density indices in seedling were measured. Descriptive statistics of traits
estimated and genotypes were classified into nine groups based on the root depth and texture density.
Also, analysis of variance of different groups was estimated. Based on the results, 20 genotypes had dense
and deep roots, the best indices for drought tolerance. Most traits, except embryonic stage traits, showed
significant differences among genotypes. Discriminant function was performed and the amounts of
functions were calculated for each group.
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Tablel. Genotypes used in the research

Number Code Origin (place of collection) Number Code Origin (place of collection)
1 1UGB-00027 Cite ceros 52 1UGB-00462 Baneh
2 IUGB-00540 Boroojerd 53 IUGB-00463 Sanandaj-Shwesheh
3 IUGB-00037 Pavon 54 IUGB-00464 Sanandaj
4 IUGB-00040 ragham, Chenab 55 IUGB-00465 Kermanshah
5 1UGB-00042 ragham Bezostaya 56 1UGB-00466 Sagez
6 IUGB-00045 Iran-sefid boomg;r'zgfik dar, moshabeh 57 yyGB-00467 Qorveh
7 IUGB-00061 ragham Gohar 58 IUGB-00468 Qorveh
8 IUGB-00085 Fardin, Graecum 59 IUGB-00469 Kurdistan (Unknown place)
9 IUGB-00130 Yazd, Graceum 60 IUGB-00470 Qorveh
10 IUGB-00131 Nahavand, Erythroleucum 61 IUGB-00471 Mahabad
11 IUGB-00133 Gonbad, Ferugineum 62 IUGB-00472  Kermanshah (Unknown place)
12 IUGB-00541 Lorestan 63 IUGB-00473 Sanandaj
13 IUGB-00136 Kermanshah, Subhostionum 64 IUGB-00474 Dehgolan
14 IUGB-00138 Khoramabad, Graceum 65 IUGB-00475  Kermanshah (Unknown place)
15 IUGB-00264 40Km jadeh Esfahan-Shahr-Reza 66 IUGB-00548 Hamadan
16 IUGB-00266 40Km jadeh Esfahan-Shahr-Reza 67 IUGB-00477 Kurdistan (Unknown place)
17 1UGB-00282 Havali Esfahan 68 1UGB-00478 Mahabad
18 IUGB-00327 Shoosh, Indicum 69 1UGB-00479 Divandareh
19 IUGB-00341 ragham Azadi 70 1UGB-00480 Mahabad
20 IUGB-00342 Songhor be Asadabad, roostay Zolfas 71 IUGB-00481 Sarvabad
21 IUGB-00351 ragham Sardari 72 IUGB-00482 Kamyaran
22 IUGB-00352 Razi Sorkheh 73 1UGB-00483 Divandareh
23 IUGB-00356 Back cross roushan 74 IUGB-00484 Kurdistan (Unknown place)
24 IUGB-00397 Selfchegan 75 IUGB-00485 Urmiyeh
25 IUGB-00422 Kermanshah 76 IUGB-00486 Marivan
26 IUGB-00542 Maian 77 IUGB-00487 Kurdistan (Unknown place)
27 IUGB-00431 ragham Varamin 78 IUGB-00488 Qorveh
28 IUGB-00544 Saghez 79 IUGB-00489 Dehgolan
29 IUGB-00434 ragham Aria 80 IUGB-00490 Sagez
30 IUGB-00436 Shiraz 81 IUGB-00491  Kermanshah (Unknown place)
31 IUGB-00437 Bijar 82 IUGB-00492 Ilam
32 IUGB-00438 Sanandaj 83 IUGB-00493 Bokan
33 IUGB-00441 Mahabad 84 IUGB-00494 Kamyaran
34 IUGB-00442 Kurdistan (Unknown place) 85 IUGB-00495 Sanandaj
35 IUGB-00443 Sanandaj 86 IUGB-00496 Kurdistan (Unknown place)
36 IUGB-00444 Divandareh 87 IUGB-00497 Kurdistan (Unknown place)
37 IUGB-00547 Behbahan 88 IUGB-00498 Kurdistan (Unknown place)
38 IUGB-00446 Kermanshah (Unknown place) 89 IUGB-00550 Shoosh
39 IUGB-00447 Sagez 90 IUGB-00500 Kurdistan (Unknown place)
40 IUGB-00448 Sagez 91 IUGB-00501 Kurdistan (Unknown place)
41 IUGB-00449 Bijar 92 IUGB-00502 Kurdistan (Unknown place)
42 1UGB00451 llam 93 IUGB-00552 llam
43 IUGB-00452 Kurdistan (Unknown place) 94 IUGB-00513 Hamadan
44 IUGB-00453 Khoy 95 IUGB-00515 Shoosh
45 IUGB-00454 Sanandaj 96 IUGB-00516 Izeh
46 IUGB-00455 Ravansar 97 IUGB-00518 Kermanshah
47 IUGB-00456 Kurdistan (Unknown place) 98 IUGB-00532 ragham Saison
48 IUGB-00458 Sanandaj 99 IUGB-00533 unknown place (Iran)
49 IUGB-00459 Bokan 100 IUGB-00534 Ghorveh
50 IUGB-00460 Zanjan 101 IUGB-00535 Bijar
51 IUGB-00461 Dehgolan 102 1UGB-00553 Kurdistan
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Table2. Descriptive statistics calculated for evaluated traits of 102 bread wheat genotypes

Variable Minimum  Maximum Mean Se Range CV%
SemRN 3.00 7.00 4.50 0.08 4 18.03
SemRL 8.17 22.17 13.45 0.22 13.99 16.23
SemShL 6.33 15.67 10.84 0.17 9.33 15.97
AllSemRL 37.50 97.33 59.51 1.19 59.83 20.12
RFW 0.08 191 0.75 0.03 1.83 36.88
Shw 0.15 2.08 0.89 0.04 1.93 39.92
RDW 0.01 0.45 0.08 0.01 0.435 64.53
RV 0.10 3.00 0.99 0.04 2.9 45.07
RL 30.50 135.00 84.81 1.88 104.5 22.37
ShL 19.50 37.50 27.01 0.37 18 13.87
TN 1.00 4.00 1.95 0.08 3 40.89
LN 3.00 12.00 6.26 0.19 9 30.05
RF 35.33 753.50 154.49 10.39 718.17 67.94
RDM 0.047 0.197 0.105 0.002 0.151 20.71
SRL 380.56 7800.00 2018.60 159.57 7419.44  79.83
RLD 0.0007 0.003 0.0019 0.00004 0.0023 2251
RSM 0.0000002  0.000008  0.000002 0.0000001 0.0000007 57.57
RTD 452.16 15599.52 3670.48 209.26 15147.36  57.58
RMD 0.000002 0.00004  0.000017  0.000001 0.00004  36.94
RSD 6.87 50.00 27.594 0.723 43.13 26.44
RD 0.02 0.38 0.09 0.006 0.36 61.20
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shoot traits, including seminal root length (SemRL), seminal root number (SemRN), seminal shoot length (SemShL), root fresh
weight (RFW), root dry weight (RDW), root volume (RV), root length (RL), shoot length (ShL), shoot weight (ShW), leaf number
(LN), tiller number (TN), root fineness (RF), root diameter (RDM), root water content (RWC), specific root length (SRL), root
length density (RLD), root specific mass (RSM), root texture density (RTD), root mass density (RMD), root surface density (RSD),

root density (RD).
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Table3. List of wheat genotypes for each of the nine groups
number and name of Genotype Genotype number and name of Genotype
number and name of group
group code code group code
1.deep dense 79 3.deep non-dense 50 8. superficial semi-dense 9
1.deep dense 42 3.deep non-dense 10 8. superficial semi-dense 44
1.deep dense 17 3.deep non-dense 8 8. superficial semi-dense 18
1.deep dense 63 3.deep non-dense 91 8. superficial semi-dense 88
1.deep dense 74 3.deep non-dense 14 8. superficial semi-dense 68
1.deep dense 37 3.deep non-dense 12 8. superficial semi-dense 35
1.deep dense 55 3.deep non-dense 99 8. superficial semi-dense 65
1.deep dense 71 3.deep non-dense 75 8. superficial semi-dense 40
1.deep dense 33 3.deep non-dense 100 8. superficial semi-dense 81
1.deep dense 45 4.semi-superficial dense 47 8. superficial semi-dense 80
1.deep dense 32 4.semi-superficial dense 84 9. superficial non-dense 24
1.deep dense 15 4.semi-superficial dense 83 9. superficial non-dense 3
1.deep dense 20 4.semi-superficial dense 64 9. superficial non-dense 93
1.deep dense 85 4.semi-superficial dense 70 9. superficial non-dense 57
1.deep dense 73 4.semi-superficial dense 67 9. superficial non-dense 82
1.deep dense 77 5. semi-superficial semi-dense 31 9. superficial non-dense 96
1.deep dense 61 5. semi-superficial semi-dense 46 9. superficial non-dense 72
1.deep dense 51 5. semi-superficial semi-dense 69 9. superficial non-dense 27
1.deep dense 38 6. semi-superficial non-dense 36 9. superficial non-dense 7
1.deep dense 62 6. semi-superficial non-dense 43 9. superficial non-dense 97
2.deep semi-dense 54 6. semi-superficial non-dense 26 9. superficial non-dense 2
2.deep semi-dense 89 6. semi-superficial non-dense 34 9. superficial non-dense 6
2.deep semi-dense 25 6. semi-superficial non-dense 52 9. superficial non-dense 66
2.deep semi-dense 94 6. semi-superficial non-dense 92 9. superficial non-dense 102
2.deep semi-dense 48 6. semi-superficial non-dense 98 9. superficial non-dense 76
2.deep semi-dense 22 6. semi-superficial non-dense 11 9. superficial non-dense 4
2.deep semi-dense 59 7. superficial dense 60 9. superficial non-dense 19
2.deep semi-dense 53 7. superficial dense 90 9. superficial non-dense 41
2.deep semi-dense 58 7. superficial dense 78 9. superficial non-dense 86
2.deep semi-dense 56 7. superficial dense 21 9. superficial non-dense 1
2.deep semi-dense 30 7. superficial dense 39 9. superficial non-dense 13
3.deep non-dense 87 7. superficial dense 16 9. superficial non-dense 5
3.deep non-dense 101 7. superficial dense 95 9. superficial non-dense 28
3.deep non-dense 23 7. superficial dense 49 9. superficial non-dense 29
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Table 4. Descriptive statistics of evaluated traits in genotypes with deep and dense root system (groupl)

Variable Minimum  Maximum Mean Sd Se Range Coeff of Variation
SemRN 3.00 7.00 4.82 0.85 0.19 4.00 17.75
SemRL 8.17 16.26 12.55 1.82 0.41 8.09 14.52
SemShL 6.67 14.00 10.68 171 0.38 7.33 15.97
AllSemRL 39.00 78.67 59.69 10.57 2.36 39.67 17.71
RFW 0.69 191 1.05 0.29 0.06 1.23 27.55
Shw 0.59 2.08 1.17 0.32 0.07 150 27.48
RDW 0.09 0.21 0.12 0.03 0.01 0.13 23.07
RV 0.90 3.00 141 0.49 0.11 2.10 34.66
RL 91.50 135.00 105.53 11.65 2.61 43.50 11.04
ShL 22.00 37.50 28.23 3.43 0.77 15.50 12.14
TN 1.00 3.00 243 0.71 0.16 2.00 29.37
LN 5.00 12.00 7.65 1.97 0.44 7.00 25.81
RF 56.19 198.63 120.05 38.03 8.50 142.44 31.68
RDM 0.09 0.15 0.11 0.02 0.00 0.06 13.71
RWC 65.68 93.15 87.03 5.69 1.27 27.47 6.54
SRL 502.27 3600.00 1058.07 641.79 143,51 3097.73 60.66
RLD 0.002024  0.002986  0.002350  0.000256  0.000057  0.000962 10.897574
RSM 0.0000021  0.0000046 0.0000028 0.0000006 0.0000001  0.0000025 22.4660653
RTD 4295.52 9495.36 5640.70 1267.23 283.36 5199.84 22.47
RMD 0.000015  0.000042  0.000023  0.000006  0.000001  0.000027 26.695540
RSD 27.15 50.00 36.87 5.56 1.24 22.85 15.07
RD 0.035 0.191 0.097 0.034 0.008 0.156 35.162
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Table5. Descriptive statistics of evaluated traits in genotypes with deep and semi-dense root system

(group2)
Variable Minimum  Maximum Mean Sd Se Range Coeff of Variation
SemRN 3.00 5.00 4.30 0.62 0.19 2.00 14.47
SemRL 10.13 17.11 13.73 191 0.58 6.98 13.94
SemShL 8.83 12.00 10.15 0.89 0.27 3.17 8.76
AllSemRL 43.00 79.33 58.48 10.40 3.14 36.33 17.79
RFW 0.62 112 0.84 0.15 0.05 0.51 17.91
Shw 0.49 1.55 0.94 0.29 0.09 1.06 31.46
RDW 0.08 0.09 0.08 0.00 0.00 0.02 5.84
RV 0.60 1.50 1.16 0.31 0.09 0.90 26.56
RL 90.00 110.00 100.59 5.53 1.67 20.00 5.49
ShL 21.50 32.50 26.41 3.46 1.04 11.00 1311
TN 1.00 3.00 2.18 0.75 0.23 2.00 34.41
LN 4.50 8.50 6.18 1.37 0.41 4.00 22.08
RF 98.83 201.07 148.50 35.78 10.79 102.24 24.09
RDM 0.08 0.12 0.10 0.01 0.00 0.03 8.90
RWC 85.47 92.75 89.94 2.33 0.70 7.28 2.59
SRL 1156.25 4529.41 1770.37 965.34 291.06 3373.16 54.53
RLD 0.00199 0.00243 0.00222 0.00012 0.00004 0.00044 5.49392
RSM 0.0000017 0.0000020 0.0000019 0.0000001 0.0000000 0.0000003 5.8359221
RTD 3391.20 4069.44 3802.25 221.93 66.91 678.24 5.84
RMD 0.000014  0.000025  0.000019  0.000003  0.000001  0.000011 17.905821
RSD 27.33 38.12 31.78 3.27 0.98 10.80 10.28
RD 0.050 0.179 0.084 0.042 0.013 0.129 49.390
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Table6. Descriptive statistics of evaluated traits in genotypes with deep and non-dense root system

(grpou3)
Variable Minimum  Maximum Mean Sd Se Range Coeff of Variation
SemRN 3.00 5.33 453 0.67 0.19 2.33 14.88
SemRL 12.27 16.42 14.22 121 0.35 415 8.50
SemShL 9.33 15.33 11.38 1.60 0.46 6.00 14.08
AllSemRL 42.83 78.67 64.25 10.83 313 35.83 16.86
RFW 0.34 0.79 0.58 0.16 0.05 0.46 27.94
Shw 0.45 0.98 0.60 0.16 0.05 0.54 26.83
RDW 0.02 0.07 0.04 0.02 0.01 0.06 43.95
RV 0.35 1.25 0.82 0.28 0.08 0.90 3351
RL 90.00 118.50 100.04 7.20 2.08 28.50 7.20
ShL 20.00 30.00 25.88 3.22 0.93 10.00 12.44
TN 1.00 3.00 171 0.62 0.18 2.00 36.30
LN 4.00 10.00 5.33 1.60 0.46 6.00 30.00
RF 127.30 753.50 254.16 181.02 52.26 626.19 71.22
RDM 0.06 0.10 0.09 0.01 0.00 0.05 1551
RWC 72.46 97.88 91.36 6.33 1.83 25.42 6.93
SRL 1687.50 7100.00 3769.18 1737.19 501.48 5412.50 46.09
RLD 0.001990  0.002621  0.002213  0.000159  0.000046  0.000630 7.196931
RSM 0.0000003  0.0000015 0.0000009 0.0000004 0.0000001 0.0000012 43.9514309
RTD 678.24 3165.12 1808.64 794.94 229.48 2486.88 43.95
RMD 0.000007  0.000017  0.000013  0.000004  0.000001  0.000010 27.942747
RSD 18.80 32.94 27.38 4.32 1.25 14.15 15.79

RD 0.015 0.135 0.065 0.035 0.010 0.120 53.589
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Table 7. Descriptive statistics of evaluated traits in genotypes with semi-surface and dense root system

(group4)
Variable Minimum  Maximum Mean Sd Se Range Coeff of Variation
SemRN 5.00 6.00 5.22 0.40 0.16 1.00 7.73
SemRL 10.78 15.33 12.99 1.53 0.63 4.56 11.81
SemShL 8.00 12.00 10.06 1.45 0.59 4.00 14.44
AllSemRL 61.50 76.67 67.42 5.65 231 15.17 8.39
RFW 0.44 1.00 0.86 0.21 0.09 0.56 24.38
Shw 0.99 1.35 1.08 0.14 0.06 0.36 12.93
RDW 0.11 0.14 0.12 0.01 0.01 0.04 10.63
RV 0.75 1.75 1.07 0.38 0.16 1.00 35.90
RL 82.50 85.00 84.33 0.98 0.40 2.50 1.17
ShL 25.00 30.50 26.83 211 0.86 5.50 7.88
TN 1.00 3.00 2.17 0.75 0.31 2.00 34.74
LN 5.50 10.00 7.08 1.56 0.64 4.50 22.06
RF 86.02 217.86 113.23 51.63 21.08 131.83 45.60
RDM 0.08 0.12 0.11 0.02 0.01 0.04 14.70
RWC 81.55 87.58 85.51 2.09 0.85 6.03 2.45
SRL 616.67 4225.00 1269.02 1449.23 591.65 3608.33 114.20
RLD 0.00182 0.00188 0.00187 0.00002 0.00001 0.00006 1.16584
RSM 0.0000023  0.0000031 0.0000027  0.0000003  0.0000001 0.0000008 10.6288778
RTD 4747.68 6330.24 5614.32 596.73 243.61 1582.56 10.63
RMD 0.0000097  0.0000220 0.0000190 0.0000046 0.0000019 0.0000123 24.3822474
RSD 21.41 32.28 29.78 4.16 1.70 10.87 13.96
RD 0.076 0.195 0.127 0.039 0.016 0.119 30.733
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Table8. Descriptive statistics of evaluated traits in genotypes with semi-surface and semi-dense root
system (grpoup5)

Variable Minimum  Maximum Mean Sd Se Range Coeff of Variation
SemRN 4.00 4.33 4.11 0.19 0.11 0.33 4.68
SemRL 12.75 14.75 13.64 1.02 0.59 2.00 7.45
SemShL 10.00 11.83 10.78 0.95 0.55 1.83 8.79
AllSemRL 48.67 59.00 55.17 5.66 3.27 10.33 10.26
RFW 0.80 0.92 0.85 0.06 0.04 0.12 7.16
Shw 0.89 113 1.00 0.12 0.07 0.24 11.96
RDW 0.08 0.09 0.08 0.01 0.00 0.02 9.35
RV 1.00 1.50 1.25 0.25 0.14 0.50 20.00
RL 81.50 83.50 82.33 1.04 0.60 2.00 1.26
ShL 22.50 29.00 26.67 3.62 2.09 6.50 13.56
TN 2.00 3.00 2.33 0.58 0.33 1.00 24.74
LN 5.50 7.50 6.83 1.15 0.67 2.00 16.90
RF 92.92 104.34 99.52 591 341 1141 5.94
RDM 0.111 0.118 0.114 0.004 0.002 0.008 3.457
RWC 89.99 90.60 90.22 0.33 0.19 0.61 0.37
SRL 922.73 1169.44 1038.13 124.13 71.66 246.72 11.96
RLD 0.00180 0.00185 0.00182 0.00002 0.00001 0.00004 1.26417
RSM 0.0000017 0.0000020 0.0000018 0.0000002 0.0000001 0.0000003 9.3509008
RTD 3391.20 4069.44 3692.64 345.34 199.38 678.24 9.35
RMD 0.000018  0.000020  0.000019  0.000001  0.000001  0.000003 7.160210
RSD 28.96 30.59 29.64 0.85 0.49 1.63 2.88

RD 0.050 0.107 0.083 0.029 0.017 0.057 35.507




VHY IFAQ Ll oF 8Ll DY 5,90 oyl pl ol)5 (LS pole

(909;) [°5|)""’ )...c 9 L>.’>L|a.w d.cu.l W 6‘)0 LSLO:WBA) )O o @L))l Slas W}’ LSLDO)LJ _RJj»
Table9. Descriptive statistics of evaluated traits in genotypes with semi-surface and non-dense system

(group6)
Variable Minimum  Maximum Mean Sd Se Range Coeff of Variation
SemRN 3.00 5.33 438 0.86 0.30 2.33 19.72
SemRL 9.13 15.82 13.71 2.13 0.75 6.69 15.54
SShL 9.00 15.67 1177 2.08 0.73 6.67 17.65
AllSemRL 41.33 78.00 58.96 13.06 4.62 36.67 22.15
RFW 0.37 0.70 0.56 0.12 0.04 0.33 21.50
Shw 0.27 1.02 0.72 0.26 0.09 0.75 35.71
RDW 0.02 0.07 0.05 0.02 0.01 0.05 39.79
RV 0.50 1.25 0.83 0.27 0.10 0.75 32.46
RL 82.00 87.50 84.75 2.28 0.81 5.50 2.69
ShL 22.50 32.00 27.06 3.09 1.09 9.50 1141
TN 1.00 3.00 1.56 0.73 0.26 2.00 46.65
LN 3.50 6.50 5.06 0.94 0.33 3.00 18.62
RF 132.81 493.49 219.77 122.97 43.48 360.68 55.95
RDM 0.08 0.10 0.09 0.01 0.00 0.03 9.38
RWC 83.33 96.46 91.37 3.98 141 13.13 4.36
SRL 1486.11 5950.00 3376.90 1494.30 528.32 4463.89 44.25
RLD 0.00181 0.00194 0.00187 0.00005 0.00002 0.00012 2.69437
RSM 0.0000003  0.0000014 0.0000011 0.0000004 0.0000001 0.0000011 39.7853933
RTD 678.24 2939.04 2147.76 854.50 302.11 2260.80 39.79
RMD 0.000008  0.000015  0.000012  0.000003  0.000001  0.000007 21.495830
RSD 21.35 27.41 24.90 213 0.75 6.06 8.57
RD 0.020 0.120 0.064 0.036 0.013 0.100 56.743
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Tablel0. Descriptive statistics of evaluated traits in genotypes with superficial and dense root system

(group?)
Variable Minimum  Maximum Mean Sd Se Range Coeff of Variation

SemRN 4.33 5.00 4.75 0.30 0.10 0.67 6.22
SemRL 9.53 22.17 13.07 411 1.45 12.63 31.43
SemShL 7.00 11.67 9.96 1.73 0.61 4.67 17.36
AllSemRL 42.50 97.33 60.60 18.37 6.49 54.83 30.30
RFW 0.67 1.19 0.92 0.17 0.06 0.52 18.85
Shw 0.73 1.49 1.10 0.25 0.09 0.76 22.38
RDW 0.10 0.45 0.16 0.12 0.04 0.35 76.45
RV 0.75 1.50 1.10 0.24 0.08 0.75 21.46
RL 30.50 77.00 62.75 15.65 5.53 46.50 24.94
ShL 26.00 31.50 29.00 1.85 0.65 5.50 6.38
TN 1.00 3.00 2.06 0.86 0.31 2.00 41.86
LN 5.00 11.00 6.88 2.10 0.74 6.00 30.55
RF 35.33 98.21 73.52 2251 7.96 62.88 30.61
RDM 0.12 0.20 0.14 0.03 0.01 0.08 20.18
RWC 52.41 90.17 83.00 12.49 441 37.77 15.04
SRL 380.56 858.33 579.54 176.90 62.54 477.78 30.52

RLD 0.00067 0.00170 0.00139  0.00035  0.00012  0.00103 24.94055

RSM 0.000002  0.000008  0.000003 0.000002 0.000001 0.000005 58.742438
RTD 4521.60 15599.52 6443.28 3784.97 1338.19  11077.92 58.74

RMD 0.000015  0.000026  0.000020 0.000004 0.000001 0.000011 18.849706
RSD 18.84 32.24 26.48 4.43 1.57 13.40 16.73

RD 0.080 0.345 0.137 0.086 0.030 0.265 62.946
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Tablell. Descriptive statistics of traits evaluated in genotypes with superficial and semi-dense root
system (group8)

Variable Minimum Maximum Mean Sd Se Range \(/:O?ﬁ.Of
ariation
SemRN 3.00 6.00 4.27 0.93 0.29 3.00 21.73
SemRL 12.27 14.67 13.36 0.84 0.27 2.40 6.31
SemShL 7.50 14.00 11.38 2.20 0.70 6.50 19.33
AllSemRL 37.50 78.00 56.85 12.04 3.81 40.50 21.18
RFW 0.52 1.08 0.73 0.17 0.05 0.56 23.52
Shw 0.44 1.90 1.06 0.41 0.13 147 38.34
RDW 0.08 0.09 0.08 0.00 0.00 0.02 5.82
RV 0.35 1.75 0.94 0.39 0.12 1.40 41.88
RL 55.00 80.00 68.40 9.01 2.85 25.00 13.18
ShL 21.50 37.50 29.40 5.52 1.75 16.00 18.78
TN 1.00 4.00 2.15 0.82 0.26 3.00 38.06
LN 4.50 10.50 6.85 201 0.64 6.00 29.41
RF 68.29 180.89 114.67 36.89 11.67 112.60 32.17
RDM 0.09 0.14 0.12 0.01 0.00 0.05 12.66
RWC 84.32 92.10 88.76 2.37 0.75 7.78 2.67
SRL 810.61 1821.88 1114.09 349.21 110.43 1011.27 31.34
RLD 0.00122 0.00177 0.00151 0.00020 0.00006 0.00055 13.17953
RSM 0.00000166  0.00000199 0.00000180 0.00000010  0.00000003  0.00000033 5.82003940
RTD 3391.20 4069.44 3685.10 214.48 67.82 678.24 5.82
RMD 0.00001139  0.00002378 0.00001613 0.00000380  0.00000120  0.00001239  23.52306690
RSD 20.29 30.69 24.45 3.97 1.25 10.40 16.23
RD 0.039 0.250 0.112 0.063 0.020 0.211 56.213
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Tablel2. Descriptive statistics of evaluated traits in genotypes with superficial and non-dense root system

(group9)
Variable Minimum  Maximum Mean Sd Se Range Coeff of Variation
SemRN 3.00 6.00 4.22 0.94 0.19 3.00 22.17
SemRL 10.27 17.44 13.86 2.67 0.54 7.18 19.26
SemShL 6.33 14.67 11.01 181 0.37 8.33 16.41
AllSemRL 37.50 83.67 56.96 13.09 2.67 46.17 22.98
RFW 0.08 0.88 0.54 0.21 0.04 0.80 38.27
Shw 0.15 1.12 0.62 0.25 0.05 0.97 41.06
RDW 0.01 0.07 0.04 0.02 0.00 0.06 40.94
RV 0.10 1.75 0.64 0.36 0.07 1.65 56.09
RL 47.00 81.00 67.35 10.21 2.09 34.00 15.17
ShL 19.50 31.50 25.25 3.81 0.78 12.00 15.10
TN 1.00 3.00 1.46 0.72 0.15 2.00 49.44
LN 3.00 9.00 5.27 151 0.31 6.00 28.66
RF 73.05 587.50 175.11 114.54 23.38 514.45 65.41
RDM 0.05 0.14 0.09 0.02 0.00 0.10 23.32
RWC 62.50 98.21 90.71 6.76 1.38 35.71 7.45
RWC 52.41 98.21 88.92 0.63 87.68 90.15 6.35
SRL 862.50 7800.00 2771.28 1734.80 354.11 6937.50 62.60
RLD 0.00104 0.00179 0.00149 0.00023 0.00005 0.00075 15.16540
RSM 0.0000002  0.0000015 0.0000010 0.0000004 0.0000001 0.0000013 40.9389326
RTD 452.16 3165.12 1987.62 813.72 166.10 2712.96 40.94
RMD 0.000002  0.000019  0.000012  0.000005  0.000001  0.000018 38.272479
RSD 6.87 27.67 19.83 471 0.96 20.80 23.75
RD 0.020 0.375 0.091 0.075 0.015 0.355 82.699
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Tablel3. Analysis of variance of evaluated traits for different groups of wheat in terms of depth and
density of root tissue.

ms
Source df SemRN SemRL SemShL AllSemRL RFW RLD
group 8 1.131™ 3.911"™ 3.708™ 119.058™ 0.493™ 0.000001""
error 93 0.617 4.839 2.940 145.386 0.042 0.00000004
CV% 17.462 16.353 15.812 20.261 27.073 11.128
Source  df RDW RV RL ShL TN RSM
group 8 0.019™ 0.97™ 3503.056™" 26.583" 1.754™ 0.000000000008™"
error 93 0.001 0.134 89.731 12.961 0.537 0.00000004
CV% 45,333 36.863 11.169 13.329 37.649 35.848
Source df Shw LN RF RDM SRL RMD
group 8 0.691™  11.9417 34398.999™ 0.002" 14408103.5™ 0.0000000002™"
error 93 0.076 2.815 9005.194 0.0002 1581069.300 0.00000000002
CV% 31.200 26.805 61.425 16.535 62.291 26.767
Source  df RD RSD RTD RWC
group 8  0.006™ 446.226™ 362654125 79.35"
error 93 0.003 19.443 1731298.100 36.94
CV% 59.400 15.980 35.848 6.83
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ns: indicates non-significance and *, **, and ***, respectively, represent the significance at the level of 5%, 1% and

0.1%,
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Table 14. Specific values and explanation rate of the three differential discriminantfunctions for grouping

Function Eigenvalue % of Variance  Cumulative %  Canonical Correlation
1 5.340% 69.5 69.5 .918
2 2.262% 294 98.9 .833
3 .0822 1.1 100.0 275
Test of Function(s) ~ Wilks' Lambda Chi-square df Sig.
1 through 3 .045 295.240 24 .000
2 through 3 .283 119.789 14 .000

) p9s @b «RSD) aty; (b J&& 1, Jsl &6
&b 9 RL) 4ty Jsb 5 RLD) aiy, Job J&
ol 48 1z el (RDW) aty ) Sis (3359 1) pows
alasls milgs s (o 1) ulypo o i Slas

A0 Jgaz)

ol ansis b dw sl Casay @l bl
95 ¢l 5hssls medes 1) S (mib)ly wops Ve
25 it oo )S ol a1y ez ol Gl e
5 Jsl s mls j0 Slas sads o lailiwl oo
polie 4 axg5 bl ool VO Jga o Pow § 9O

e 03,5 s (slp 0o glpinl Laiis

by 5 S5 (10 po 5 90 3 3l padeis @l 50 otes Dlio 00l o luiliwl cul o V0 Jgoor
Tablel5. Standardized coefficients of important traits in the first, second and third detection functions for
group separation

- Function

Variable 1 > 3
RSD 646" .120 .018
RMD 520 -266 -.087
RFW 514"  -275 -.076
Shw 405" -324  -103
LN 289" -208 -.073
RV 251" -.010 -.024
TN 170" -.091  -.091
ShL 116" -.073 .078
RLD .635 756" 161
RL 631 740" 174
SRL -184 493" .057
RDM 131 -.468" -.159
SemRN 042 -220" .018
RF -151 195" .037
RDW .354 -460 .815"
RTD 456 -537  .710"
RSM 456 -537  .710"
SemRL -087 .092  .456"
RD 111 -287 .381"
AllSemRL -009 -111 .322"
SemShL 050 -051 .097"
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Tablel6. The values of the centric functions

extracted for different genotypic groups.

Function
Group 1 2 3
1 3.504 .059  -.096
2 1865 -1.586 -.315
3 -173 3116  .724
4 1328 1.054 .085
5 -.076 =274 -135
6 -1.077  -1.346 -311
7 -577 2533 .292
8 -1.350 1.091 .062
9 -2.741  -132  -142
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Tablel7. Average values of centric functions for different groups

Root length
Functionl  Function2  Function3
deep 1.732 -1.548 0.104
semi- superficial 0.058 -0.189 -0.120
superficial -1.556 1.164 0.071
Root texture density
dense 1.418 1.215 0.094
semi-dense 0.146 -0.256 -0.129
non-dense -1.330 -1.5631 0.090
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Figurel. Bi-plot diagram derived from the discriminant function based on the first and second functions.
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