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Extended abstract

Background: Maize (Zea mays L.) is the third most important cereal after wheat and rice, which
accounts for 26% of the total cereal cultivated area and 37% of its production. Maize is a valuable
raw material for extracting oil, starch, alcohol, glucose, plastic, lactic acid, acetic acid, acetone,
and paint, and its stalks can be used to make paper, cardboard, and nitrocellulose. As an important
nutrient, phosphorus plays an important role in energy transfer and photosynthetic oxidation-
reduction reactions, as well as in biochemical compounds including nucleic acids, structural
proteins, enzymes, and signal transmission. The amount of available phosphorus is limited due to
the predominance of calcareous soils with high pH in arid and semi-arid agricultural climates.
Large amounts of phosphorus chemical fertilizers are needed regularly to increase available
phosphorus for plants. However, a large amount of phosphorus in fertilizers may be converted to
insoluble phosphate immediately by reaction with calcium in the soil after its application. On the
other hand, indiscriminate use of phosphorus chemical fertilizers leads to many environmental
problems, such as surface runoff of phosphorus, eutrophication of aquatic ecosystems, reduction
of biodiversity, and abnormal changes in soil salt concentration and pH. Breeding cultivars that
absorb phosphate or phosphorus more efficiently are one of the solutions to deal with the stress
of phosphorus deficiency as a trait with low heredity. The use of selection indices can be an
effective method for the indirect selection of traits with complex genetics.

Methods: In this study, 93 maize genotypes prepared from different research centers were
evaluated in terms of agro-morphological traits under normal and phosphorus deficit conditions
using a completely randomized design with three replications under open area conditions in the
crop year 2016-2017. For this purpose, soil with a low phosphorus content (7.240 mg/kg) was
selected after analyzing the soil of different regions. Then, pots (15 kg) were filled with soil and
sand in a ratio of two to one. Usable soil phosphorus was determined by the Olsen method in the
soil science laboratory of Urmia University. In both optimal and phosphorus deficit conditions,
soil was strengthened with nitrogen fertilizers (9 g/pot in three stages during the growth period),
potassium sulfate (13.5 g/pot), Sequestrin (1.5 g/pot), manganese sulfate (0.225 g/pot), zinc
sulfate (0.99 g/pot), copper sulfate (0.3 g/pot), and boric acid (0.21 g/pot). In optimal conditions,
phosphorus fertilizer in the form of triple superphosphate (6 g/pot) was added to each pot.
Phosphorous fertilizer was not added to the soil in the phosphorus deficit conditions. Various
agro-morphological and chemical traits were measured at the beginning of the tasseling stage. In
the physiological maturity stage, the ears related to each replication were separated from the
plants. Seed yield per plant was determined by separating and weighing the seeds on the ears of
each plant. The desired genotypes were selected by calculating four selection indexes, including
Smith-Hazel, Pesek-Baker, Brim, and Robinson indices. In this study, the same weight was
considered for the traits, which is a common procedure in most studies. Different criteria,
including the genetic gain of traits (AG), expected gain (AH), and relative efficiency of the
selection index (RE) were calculated to choose the best selection index.

Results: According to ANOVA results, the effect of genotype and stress was significant on all
studied traits at the probability level of 1%. The interaction effect of genotype x stress was also
significant on all studied traits, except for flag leaf length (FLL), flag leaf width (FLW), the
number of leaves (NL), plant height (PH), stem diameter (SD), ear length (EL), the number of
rows per ear (RpE), the number of grain per row (GpR), ear diameter (ED), and 100 seed weight
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(TSW). In normal conditions (without stress) with the Smith-Hazel index (optimal index), the
highest coefficients (7.21 and 3.98,) were observed in FLW and EL traits, respectively, and the
lowest ones (-3.03) were obtained for the RpE trait. In the phosphorus deficit conditions, the
highest and the lowest coefficients (3.91 and -5.35) were measured in EL and RpE traits,
respectively. In the Pesak-Baker index, the highest and lowest coefficients (5.64 and -9.28) were
respectively recorded in GpR and EL traits under normal conditions. In phosphorus deficit
conditions, the highest coefficient (8.49) was seen in the FLW trait, followed by EL (4.53), and
the lowest one (-2.17) was observed in RpE. The highest coefficient in Robinson's index under
normal conditions was 2.21 for LW, with a coefficient of -5.91 for this trait under phosphorus
deficit conditions. In this index, the lowest coefficient was seen in RpE (-0.92). In Robinson's
index, the highest coefficient (1.46) was seen in EL, and the lowest one (-5.92) was seen in FLW,
followed by RpE with a value of -2.13 under phosphorus deficit conditions. The Smith-Hazel
index with expected gain (AH) values of 296.306 and 229.374 and relative efficiencies of (RE) of
1.0011 and 1.0839, and the Brim with AH values 0£296.217 and 233.083 and RE values 0f 0.9995
and 1.0836 were the best indices in normal and phosphorus deficit conditions, respectively. Under
both normal and phosphorus deficit conditions, biomass yield, seed yield, and plant height had
the highest coefficients for these indices. Based on both indices, genotypes 7 and 10 are
introduced as superior genotypes under normal and phosphorus deficient conditions, respectively.
Conclusion: In general, the results of the present investigation show that selection based on the
Smith-Hazel and Brim indices will increase the biomass yield, seed yield, and plant height due to
their highest relative efficiency and expected gain in both normal and phosphorus deficit
conditions. After validation at the molecular level with different technologies, such as studying
the expression of genes involved in tolerance to phosphorus deficit conditions using Real-time
PCR, the selected genotypes can be used in the production of hybrid varieties as a way to reduce
the use of phosphorus fertilizers.
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Table 2. Analysis of variance of agro-morphological traits of studied maize genotypes under normal and

phosphorous deficit conditions
Mean square <l ye (5:Sile o s i

NL DE DF DM FLW FLL SPAD RWC Ctem Source of variation
192.80™ 4738.13™ 3261.29" 5690.90™ 115.98™ 5387.21" 21705.72" 1979.12" 646,65~ sﬁs
1420 6.34m 2.420 0.94™ 167" 96.45 2127 449.19™ 0.90™ 4 G5 B LSS
Replication (Stress)
8.37™ 150.21" 104.91" 186.57" 3.09™ 177.97" 279.14™ 88.36™ e 2 e
Genotype
0.84 26.87" 20.23" 26.46™ 0.38™ 20.07" 118.73" 47.55™ 2,67 92 U )2 gl
Genotype x Stress
0.82 8.50 5.33 1.63 0.46 2411 31.80 28.27 178 368 csaloj] olizd
Experimental error
8.31 3.79 3.35 091 16.02 14.87 13.84 6.71 422 S ayS

Coefficient of variation
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Continue Table 2. Analysis of variance of agro-morphological traits of studied maize genotypes under normal and
phosphorous deficit conditions

Mean squarecle o Sibe S
q 20 Ol g Elysis C’L‘ -
Source of variation

BY GY AGW ED GpR RPE EL SD PH A
686342.35"  194293.89™  6057.10™ 410598 1291014  727.18" 143008 1661.30™ 57229.03"  5488.35" 1 sﬁis
1047.247 3007.85" 6.07™ 45.90% 12856”10327 2200  18.08%  447.71 2.56m 4 RS J S5
Replication (Stress)
36449.40" 9079.63 15097  87.06™ 379.96™ 1467  60.83"  46.33"  4393.40" 54844 92 955
Genotype
2635.57" 784.23™ 14.49 9.69" 36.96™ 2.46™ 2.76% 3.88" 231.82" 29.60™ 92 U 2 sl
Genotype x Stress
1223.65 424,57 16.19 1163 2855 3.29 3.35 4.45 189.97 15.14 368 coelesl oLz
Experimental error
[SHE FUTIES
17.20 21.70 14.99 8.68 19.53 13.44 12.17 10.67 8.50 2.80 Cosfficient of
variation

(SPAD) g, (slgize (RWC) Sy il oo slgime (Clem) o plS (slod TV Jloin] laws )3 I3 gime it g /0 Jlosn] grdaws ,3 I3 iz 1 I3 ize yué NS
Syt sl ANL) 5 S 35 (DE) 3 y50 b i (DF) (3 1ol 6 i {DM) Salgazd Sy B oy dFLW) 2 Syt (e AFLL) poe S Joo
4l 5 )Slos (HGW) &by o 59 (ED) JM yhad (GPR) iy y> ails sluss (RPE) JMs by (s slass (EL) SN Jsbo (SD) dilus yad « (PH) wg glis)l (LA)

(BY) ploge 3)Sdes 4 (GY)

Ns: non-significant. Asterisk * and ** represent significance level at 5 and 1%, respectively. Canopy temperature (Ctem), Relative water content (RWC),
Chlorophyll content (SPAD), Fag leaf length (FLL), Flag leaf width (FLW), Day to physiological maturity (DM), Day to tasseling (DT), Day to earing
(DE), Number of leaves (NL), Leaf angle (LA), Plant height (PH), Stem diameter (SD), Ear length (EL), Number of row per ear (RpE), Grain per each
ear’s row (GpR), Ear diameter (ED), Hundreds grain weight (HGW), Grain yield (GY), Biomass yield (BY)
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Table 3. Mean of agro-morphological traits of studied maize genotypes under normal conditions

BY GY HGW ED GpR RpE EL sD PH LA NL DE DF DM FLW FLL SPAD RWC Ctem Afy ")lg“"
Ine coae
41533 149.00 32.63 4316 39.67 1267 1810 2455 168.00 141.00 1200 74.67 6833 137.00 537 4033 3513 8326 37.24 1
436.00 169.63 32.30 44.15 40.00 14.00 20.33 20.78 176.67 143.00 12.00 75.33 67.00 137.00 4.60 36.00 5243 83.46 33.67 2
297.33 179.23 3390 4589 4300 13.33 1883 2140 18567 147.33 12.00 78.67 70.00 139.67 5.17 37.00 4490 83.99 37.25 3
345.67 17147 3697 4383 4133 12.67 2100 23.38 18300 150.33 11.67 79.00 70.33 140.67 4.63 41.00 4470 76.20 35.62 4
272,00 18523 46.10 4922 39.67 11.67 19.37 20.37 208.33 140.67 12.00 76.33 67.00 138.33 4.87 39.67 5257 80.02 33.89 5
328.67 166.70 38.37 4517 4367 12.00 1843 2245 20233 148.00 10.67 73.33 66.00 140.00 6.17 37.00 57.80 79.24 32.00 6
390.33 239.03 40.00 4807 46.00 13.33 2190 23.28 22433 146.67 13.00 77.00 71.00 137.67 4.57 4033 4127 77.72 34.29 7
270.33 149.97 28.17 4273 4467 14.67 1897 2217 20733 14167 11.33 7433 66.00 14167 457 43.00 5220 7824 3559 8
323.67 189.07 3577 50.19 38.00 14.00 17.80 23.73 200.33 134.00 12.00 71.67 6533 13500 6.00 41.33 4737 8198 33.72 9
489.33 171.07 3247 4352 41.00 1333 19.73 23.66 181.33 140.00 1233 75.67 69.67 139.67 587 40.67 5447 7281 3292 10
469.33 157.33 3593 46.53 36.33 13.00 20.03 22.94 197.67 14200 1133 71.33 6833 137.33 560 4367 4620 86.12 33.83 11
352,67 12890 36.60 4581 33.00 12.67 18.17 23.10 18533 138.33 11.67 74.00 68.00 138.67 6.23 39.00 4937 83.55 3532 12
448.00 126.27 29.20 4129 37.67 14.67 1827 23.81 200.33 14333 1133 72.67 6567 139.33 527 3833 4020 8255 34.83 13
265.33 130.63 3247 47.28 3500 14.67 1650 22.84 189.00 136.33 12.33 72.00 64.67 136.67 3.73 29.00 37.10 80.90 35.00 14
321.00 134.77 31.90 4370 31.33 13.33 17.47 23.98 190.67 146.00 12.00 7133 65.33 139.67 4.77 29.67 40.73 68.53 3282 15
18333 99.90 2377 3897 3533 13.33 1640 20.72 157.00 146.67 10.00 70.33 64.00 140.67 4.57 31.67 37.83 73.09 36.43 16
226.00 12090 3573 39.17 3500 12.00 19.43 23.89 162.67 138.33 10.67 77.67 66.67 137.33 540 40.33 4097 76.23 4209 17
241.33 14243 3397 4262 40.67 12.67 19.80 20.27 187.00 127.00 9.67 7133 63.67 137.33 593 4133 4133 80.15 37.64 18
313.33 127.37 3343 4106 36.00 12.67 18.00 20.87 167.00 136.00 11.00 68.00 64.33 139.33 4.93 4433 6303 8141 3143 19
253.67 148.17 29.97 43.00 4333 14.00 2050 23.25 19267 133.33 11.67 7833 66.67 138.67 6.63 40.67 49.00 77.72 38.66 20
450.00 139.57 30.77 39.92 45.00 12.00 22.00 22.18 210.33 128.67 11.67 7533 6400 139.33 553 4850 5157 73.76 35.29 21
359.67 156.10 30.00 44.28 4567 13.00 2143 22.01 19567 13533 11.00 69.00 64.33 137.00 590 38.67 5123 8124 3152 22
29433 140.57 3277 4321 36.33 14.00 18.13 23.70 20133 14500 12.33 72.00 63.33 137.67 540 34.00 4347 7828 31.87 23
382.67 17453 3453 4375 5133 14.00 24.13 2849 21800 141.00 12.00 72.00 67.00 139.33 503 37.27 4473 83.06 3215 24
356.33 216.13 43.07 5053 40.67 13.33 21.03 23.01 207.00 147.67 12.00 69.00 64.67 139.00 587 41.03 50.70 8343 3194 25
341.33 23450 3527 4813 4833 1533 2200 21.21 197.67 13567 11.00 70.33 65.00 139.67 5.63 3857 4947 8291 3251 26
37433 21200 36.33 4546 48.00 12.67 20.57 23.47 20033 129.67 12.00 69.00 63.00 140.00 583 4440 5033 7839 30.87 27
392.00 220.77 37.27 5050 49.33 1533 21.63 23.70 217.67 126.00 11.67 71.00 64.67 12567 527 34.83 7420 8327 3270 28
214.67 9543 37.43 37.81 2367 11.67 19.37 24.00 181.00 139.00 10.33 79.33 63.00 138.00 500 39.83 4277 8649 3271 30
155.00 84.83 2553 4550 26.33 17.67 12,63 22.05 155.00 122.67 12.00 83.33 72.00 140.67 3.80 34.17 38.17 80.57 3219 31
172,67 5123 2620 4215 18.00 16.33 9.63 17.64 15233 140.00 12.33 80.33 73.33 139.00 3.30 2817 36.17 80.87 33.20 32
18233 7170 27.93 39.26 26.00 13.33 12.00 18.23 147.67 150.33 10.67 69.33 62.67 135.67 4.27 3433 46.77 8146 33.07 33
126.00 60.23 26.17 36.53 27.00 14.67 1523 19.64 119.67 132.00 9.00 76.33 66.00 127.67 3.53 24.67 4193 77.78 3179 34
197.00 9130 27.23 47.28 2200 18.67 13.53 22.36 181.00 152.00 13.67 79.33 72.67 135.67 4.23 29.33 4477 76.07 32.06 35
24833 86.95 2333 4318 2500 16.67 1283 2529 167.00 122.33 13.00 78.00 66.67 138.00 3.37 3150 3850 8245 32.14 36
194,67 12473 2857 4463 3100 1533 1443 21.65 169.33 14833 11.67 62.67 59.00 14200 4.60 34.50 4377 7649 3181 37
11367 5133 2373 3875 19.33 14.00 11.13 1598 169.00 129.00 10.00 68.67 62.33 111.33 297 2517 4727 8294 3152 38
180.67 80.87 28.20 3499 2433 14.67 1423 2032 18333 137.00 11.00 61.00 58.00 111.67 4.83 3250 56.40 78.87 30.06 39
17833 9877 29.07 4187 27.67 13.33 1360 20.33 173.67 150.67 10.33 66.33 61.00 142.67 3.73 30.00 49.80 81.23 31.93 40
146.67 6893 27.63 38.70 23.67 14.00 1160 16.60 161.67 149.33 11.00 71.00 66.00 139.33 4.87 27.50 49.47 8294 31.03 42
182.67 54.83 16.60 3255 33.67 1533 16.33 16.05 19500 150.67 11.33 78.00 62.67 126.67 523 4433 4763 8123 3118 43
203.00 108.03 27.77 4051 36.33 12.67 17.47 19.64 199.67 136.33 12.00 61.00 58.00 134.33 5.17 38.00 5073 8257 29.50 44
158.00 77.43 2457 4313 2067 16.67 11.67 19.05 20200 154.67 12.67 79.33 72.67 12833 430 32.83 5800 76.69 3212 45
191.00 9563 2393 44.84 2867 18.00 1290 20.81 17633 122.33 13.00 73.00 61.00 130.00 4.17 29.67 47.80 73.28 31.86 46
167.67 66.33 17.43 3524 36.67 15.00 17.50 2246 178.67 148.33 11.67 84.00 67.00 136.33 5.67 54.33 40.17 80.80 32.38 48
182.00 7727 19.70 39.27 3567 14.00 1357 21.90 12200 122.33 11.00 80.67 69.67 124.33 4.30 33.67 39.80 8146 3192 49
130.33 3473 2354 3753 1267 12.00 9.03 12.64 137.33 15133 8.00 78.67 69.67 12867 3.37 26.00 5757 8170 30091 50
14533 5473 27.73 4232 16.67 15.67 1213 20.21 13167 14833 9.33 8233 72.00 130.67 393 3150 5133 74.92 3228 51
17567 63.80 3171 3510 21.33 13.00 15.60 23.57 152.67 146.67 10.67 81.00 69.00 14167 327 3433 56.77 7581 3193 52
297.10 15557 34.33 49.02 41.00 20.67 18.67 26.85 199.67 146.33 14.00 69.00 65.00 146.00 5.13 3500 3290 78.94 33.14 53
158.33 67.63 28.73 36.82 24.67 12.00 16.30 21.48 13833 146.00 12.00 73.67 64.67 139.33 4.27 36.33 36.23 8341 3534 54
167.33 7203 2287 4394 2033 17.33 11.00 1858 146.33 130.00 12.00 75.33 67.67 123.67 3.63 26.00 39.37 85.18 3191 55
167.33 80.15 3533 39.08 2500 13.33 1397 14.29 15433 13433 10.00 67.33 62.00 133.33 450 29.33 56.37 7643 3150 57
273.33 4571 2522 36.89 2267 13.33 1593 21.56 217.00 149.00 1533 87.00 82.33 134.00 533 49.00 4573 8288 3249 60
168.33 106.50 28.87 39.21 36.33 14.00 16.43 17.96 160.67 139.33 10.00 68.00 65.33 146.00 4.50 27.67 49.00 88.13 31.39 62
376.87 200.67 38.10 50.24 43.33 16.67 2157 26.29 19233 147.00 12.00 6533 62.00 146.00 5.10 41.00 4897 86.38 33.61 64
122,67 96.00 3153 4223 2233 16.67 1447 20.14 186.67 136.00 10.33 74.67 68.67 12500 4.27 33.33 4453 81.68 31.06 65
240.33 170.87 3247 4513 4533 17.33 2257 20.27 186.67 122.00 11.33 66.00 61.00 127.00 4.70 3533 5247 90.83 31.49 66
178.33 120.70 32.80 42.38 29.00 16.67 16.10 19.49 146.33 128.00 10.00 75.67 69.00 146.00 5.63 41.83 60.43 87.70 31.08 72
275.00 130.30 26.87 39.66 42.67 13.33 19.97 20.36 166.67 147.67 11.67 76.67 67.33 146.00 4.80 42.17 4853 80.29 33.73 73
203.80 6513 3150 4294 36.00 17.67 1837 17.59 136.33 131.67 10.67 73.33 66.00 146.00 523 39.00 6057 86.27 31.82 74
139.00 9113 2827 4200 36.33 17.33 1840 16.84 144.00 146.67 9.67 76.00 68.33 134.67 343 31.00 56.13 87.48 30.71 75
233.00 100.17 32.07 43.09 2433 16.00 14.83 24.07 15433 156.67 11.33 78.00 74.00 146.00 6.07 33.17 3877 84.19 31.56 76
191.33 108.17 27.73 4237 31.67 1500 15.90 27.66 161.00 156.00 13.00 73.33 65.00 136.33 3.53 29.83 79.07 86.25 33.74 7
104.33 5253 21.67 33.81 1833 1367 1340 1595 137.67 14467 9.67 66.67 62.67 13167 437 38.00 73.60 8348 31.64 79
265.67 81.07 3154 40.15 2333 1333 1533 25.75 183.33 147.67 11.33 77.33 70.00 133.67 3.97 4317 4267 8505 32.01 80
181.00 67.40 2333 36.33 27.00 1533 13.90 1742 12533 14500 9.67 60.67 58.00 139.33 3.93 31.83 4840 79.13 30.81 83
141.00 60.40 14.80 30.29 31.67 12.67 15.77 23.02 14333 14567 1033 77.33 68.33 13533 4.27 34.00 40.13 8150 31.11 85
179.33 77.80 25.00 38.33 2533 14.00 1223 21.25 151.67 139.67 12.67 78.00 69.00 137.67 4.27 3233 49.83 86.78 31.32 89
176.67 76.23 2750 47.25 29.00 17.33 16.37 23.94 159.33 151.67 1267 75.67 63.33 146.00 3.70 27.67 4180 7537 30.71 91
158.33 81.83 26.77 40.96 26.33 16.00 13.73 18.38 144.33 123.67 1200 69.33 61.33 12333 3.73 2533 4220 8111 31.84 96
137.00 46.00 16.80 37.85 25.00 16.67 1343 19.28 107.33 153.33 10.00 67.67 61.33 139.00 4.07 31.67 54.47 8451 31.69 98

146.67 99.50 3440 4207 2533 19.33 11.70 16.74 146.33 150.67 11.67 73.67 68.00 139.00 553 39.33 7200 83.14 33.10 100
263.00 128.00 33.58 39.84 31.33 1500 19.80 23.91 158.00 156.67 12.33 74.00 66.33 137.67 5.10 44.00 4793 77.18 3174 104
227.33 121.07 3590 4543 32.00 1533 16.20 23.21 19400 14333 11.33 70.33 65.00 138.00 5.20 43.00 41.23 86.06 33.95 105
126.00 57.03 26.87 39.13 18.00 14.67 12.67 19.57 113.00 138.33 10.00 73.67 68.00 138.00 3.67 26.33 36.93 77.80 30.73 106
164.67 5833 29.70 37.77 20.67 14.00 13.00 17.48 112.67 14433 9.67 73.67 63.33 137.33 4.43 3233 3797 8237 3158 107
173.67 11427 27.90 38.89 40.33 13.33 19.10 21.46 153.67 140.00 12.67 71.00 62.67 137.67 3.83 37.67 39.80 8150 33.78 108
210.33 119.17 27.80 4132 29.33 1433 1643 1879 18233 153.67 1267 76.00 65.00 14167 420 37.67 40.73 86.05 31.63 109
187.67 86.37 22.00 37.18 31.33 1533 1543 22.61 136.00 146.00 11.33 76.00 68.33 140.33 4.27 33.00 39.03 8508 31.90 110
227.67 120.67 29.03 4250 39.00 14.67 20.07 21.28 166.67 128.67 1233 74.00 66.00 13533 497 38.00 4573 79.36 32.56 111
235.00 107.80 29.20 43.20 30.67 16.67 16.27 22.54 192.00 150.67 13.00 81.33 71.33 139.33 4.13 30.00 47.20 7857 32.61 112
21490 7337 3144 40.15 14.00 14.67 13.07 2593 18500 14500 12.00 83.33 78.33 133.00 4.53 34.00 39.40 7846 33.88 113
250.67 118.27 32.03 4235 33.33 14.67 16.27 27.66 176.00 162.00 13.33 81.00 69.67 137.00 5.43 40.00 4243 8154 32.76 114
173.67 99.70 29.30 40.83 33.33 14.00 18.03 20.03 170.00 143.00 11.00 74.33 66.67 134.67 4.87 43.67 43.67 84.48 30.68 115
279.23 149.18 38.37 4228 3500 14.67 17.63 27.23 213.00 150.00 13.00 77.00 68.00 140.67 4.67 37.00 34.77 8345 33.19 116
161.33 67.90 31.37 4182 2233 1467 1453 2051 13867 13267 10.00 75.00 67.00 139.67 4.13 33.67 40.83 8550 31.98 117
178.67 103.30 32.07 39.09 33.67 13.00 19.33 18.75 195.67 148.00 11.33 73.67 69.00 137.33 4.67 4233 3867 8233 31.45 118
254.67 11750 40.26 39.99 31.00 14.67 19.50 24.79 186.33 146.33 10.67 78.67 69.67 136.67 5.10 41.67 44.13 7574 3041 119
155.67 78.07 2891 39.64 20.00 16.00 13.07 20.70 139.00 150.00 10.33 79.00 66.67 139.00 4.57 34.67 3457 8334 31.32 120
250.33 11240 30.27 48.19 29.00 17.33 1520 2245 207.00 153.00 13.33 78.33 72.33 13833 543 32.67 4727 8189 29.53 121
311.67 155.63 29.20 4596 3867 16.00 1837 2398 181.67 146.33 12.67 74.33 66.00 140.33 507 39.67 39.03 79.69 31.32 122
20523 14573 3513 46.80 34.33 16.00 17.07 21.62 164.33 14400 1167 73.00 67.00 14133 470 37.00 4457 8402 31.60 1
56.16 3308 646 548 858 291 294 339 22.13 625 145 468 371 2.05 109 7588 9.05 854 214 LDS(0.05

{DM) Sl (S b 3y AFLW) 2 52 25 (FLL) 22 S0 J3b {SPAD) Ji33,1S” Slsioms (RWC) S T (oo (elyimo o(Clem) (i (5lo>
(RPE) UM &by aysy sluws (EL) M Jobo (SD) bl ylad « (PH) a5gy glisyl (LA) Sy gl (NL) Spy IS slias (DE) I y5ods b 55, o DF) (23 ol b g,

(BY) wloge 3,Skos 5 (GY) ails 3,Sdas (HGW) &il> 1o 55 {ED) M jlab (GPR) cid, 55 dils sluss
Canopy temperature (Ctem), Relative water content (RWC), Chlorophyll content $SPAD), Fag leaf length EFLL), Flag leaf width (FLW), Day to
physiological maturity (DM), Day to tasseling (DT), Day to earing (DE), Number of leaves (NL), Leaf angle (LA), Plant height (PH), Stem diameter

SD), Ear length (EL), Number of row per ear (RpE), Grain per each ear’s row (GpR), Ear diameter (ED), Hundreds grain weight (HGW), Grain yield
GY), Biomass yield (BY)
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Table 4. Mean of agro-morphological traits of studied maize genotypes under phosphorous deficit conditions

BY GY HGW ED GpR RpE EL sD PH LA NL DE DF DM FLW FLL SPAD RWC Ctem Lﬁi\é ::’nge
32400 12215 27.90 39.99 30.67 12.00 16.37 19.89 14833 131.00 11.33 80.33 72.00 14500 450 37.67 3093 77.85 3439 1
212.33 10280 24.43 37.88 3267 11.33 17.00 19.01 159.33 14167 11.33 8100 70.33 146.00 3.67 27.67 2540 77.18 3269 2
198.33 86.53 24.52 36.23 31.33 12.33 1423 1943 16567 144.00 11.00 82.00 72.33 14500 4.33 34.67 2870 8152 33.30 3
220.67 12177 30.83 39.70 3267 11.33 17.90 19.45 166.67 13500 10.67 83.33 72.33 146.00 4.13 3567 2383 75.60 3232 4
24523 11363 34.10 4312 2800 10.67 1527 18.18 170.00 130.33 11.00 77.00 67.67 146.00 4.33 38.67 34.67 73.65 3164 5
27523 129.33 31.80 39.71 3267 10.67 1520 19.25 186.00 140.00 10.33 73.67 67.00 14500 523 33.67 2850 76.17 2947 6
24113 11357 26.14 37.72 2367 11.67 17.23 18.97 199.67 138.33 1233 7133 68.00 14533 3.87 3333 2987 86.32 3170 7
241.00 105.83 24.67 3595 3467 10.67 1557 19.63 191.00 138.00 10.00 73.33 68.00 146.00 4.63 3500 3593 74.68 3329 8
30533 132.18 30.87 4391 3167 13.00 16.10 21.58 18367 12367 11.33 7200 68.00 146.00 5.17 36.33 3830 79.13 3113 9
354.67 14492 2517 3932 3333 12,67 17.57 21.10 17567 13500 10.67 80.00 71.33 14500 4.93 34.67 3827 7160 3173 10
308.67 124.28 28.07 40.65 28.67 12.00 17.27 1829 190.67 132.67 10.33 74.33 68.00 143.00 4.13 29.67 3403 83.56 30.89 11
275.00 99.13 2470 38.87 27.33 12.00 1530 20.03 17167 125.00 10.00 75.67 69.00 143.67 573 35.67 29.70 79.08 31.20 12
304.00 103.77 2352 3838 34.67 12,67 16.10 20.96 17233 131.00 9.67 77.00 69.00 146.00 4.67 31.00 29.70 78.35 30.99 13
201.67 87.00 19.40 3848 2533 12.67 1353 1945 177.67 133.33 10.00 75.00 69.00 14500 3.17 27.00 27.53 80.97 3043 14
170.00 102.88 24.67 4113 2400 11.67 1530 17.18 184.00 140.00 10.00 77.67 72.00 146.00 4.37 29.00 26.67 75.76 28.96 15
14500 67.47 1847 3337 2333 10.00 1390 17.61 136.00 13533 8.67 76.00 67.67 146.00 3.80 26.67 36.43 74.88 30.25 16
159.00 89.80 24.60 3536 30.67 10.67 16.40 19.22 157.00 133.33 9.33 85.67 74.67 146.00 4.33 3833 3593 79.93 3273 17
164.00 86.37 23.13 36.34 29.33 10.00 15.63 17.54 169.67 121.33 9.33 83.00 70.33 14500 4.83 37.67 2883 70.54 3193 18
205.67 9273 2413 36.09 2267 10.67 15.63 18.67 160.33 134.67 10.00 80.33 66.33 146.00 4.30 38.67 37.23 73.00 3041 19
22743 100.30 23.30 37.00 3267 12.00 16.73 18.89 186.33 130.33 10.00 85.33 72.67 143.00 4.13 28.67 3957 77.03 33.62 20
269.67 107.37 2393 3561 29.67 12.00 19.60 20.46 18500 123.00 11.00 81.33 69.67 14500 5.10 44.00 24.17 84.87 3263 21
319.00 141.07 2563 4033 3867 12.00 1883 19.93 18333 131.33 11.00 72.00 67.00 143.00 4.67 33.33 4203 74.06 30.64 22
23533 89.37 2493 4090 2300 12.00 1260 19.73 19200 143.67 11.00 80.00 70.00 146.00 4.60 28.67 34.37 76.64 29.70 23
213.33 140.02 2850 4122 4233 11.33 2053 21.09 206.33 133.00 11.00 77.67 69.00 146.33 4.43 3500 4270 8297 29.78 24
281.80 127.07 3217 4286 3567 12.67 17.40 20.27 190.00 143.67 10.67 82.67 72.33 146.00 533 36.67 3480 83.19 29.77 25
258,57 122,75 25.07 3552 28.00 11.67 1583 16.23 188.33 116.33 10.00 86.00 76.00 146.00 4.03 30.00 39.13 8247 29.50 26
265.00 114.17 27.97 3872 28.00 11.33 17.87 22.15 18500 122.33 10.33 74.33 69.00 146.00 4.20 28.17 39.30 79.45 2881 27
206.80 124.33 29.83 44.02 30.33 12.67 17.80 20.29 204.67 111.00 11.33 77.00 68.00 142.67 353 2533 39.03 80.89 30.26 28
137.67 6027 2822 3387 18.67 10.00 16.47 18.98 166.33 136.00 9.67 87.67 69.67 140.67 4.17 30.33 33.13 83.56 3159 30
106.33 5530 1514 36.17 10.67 14.00 9.17 17.47 146.67 117.67 10.00 87.67 76.00 14200 260 2583 1930 70.78 30.42 31
98.67 30.87 16.93 3248 10.67 1233 7.93 1293 116.33 133.67 9.67 87.33 81.67 142.67 3.13 24.67 2450 77.36 31.20 32
119.67 4095 2273 29.13 1400 933 873 1572 13200 153.00 8.67 77.67 66.33 136.67 3.87 29.33 29.13 80.14 30.79 33
101.33 3580 1875 29.01 1400 9.00 10.80 18.10 107.67 123.00 8.33 8500 71.33 146.00 3.60 27.33 3353 76.70 30.29 34
12567 5134 2455 4001 1467 16.33 950 17.53 157.33 148.33 11.67 90.67 7533 146.00 3.33 25.00 3123 7420 30.17 35
148.67 5833 17.33 4097 20.67 1533 10.17 20.91 14333 116.67 11.00 84.00 69.67 146.00 3.03 28.00 24.63 77.19 30.14 36
12633 6178 2290 36.85 21.67 11.33 11.30 16.69 155.00 143.00 10.33 78.00 65.67 146.00 3.53 28.00 27.67 75.90 30.31 37
72,67 3507 17.57 29.27 16.00 10.00 8.87 1237 142.67 123.67 9.67 7533 6533 11433 237 21.00 40.70 73.98 29.36 38
139.33 4427 20.03 3244 2000 12.67 1253 16.14 159.67 125.00 10.67 67.00 61.00 120.00 3.23 27.00 47.33 7241 27.71 39
131.33 6547 2587 36.72 16.67 11.33 10.23 17.02 161.00 147.33 9.67 78.00 65.00 146.00 350 29.17 4653 8040 31.18 40
88.67 4176 25.02 33.76 13.33 11.33 8.37 1351 124.00 14533 10.00 77.00 67.67 146.00 3.07 1833 41.50 83.31 30.08 42
14733 4498 13.07 30.66 26.67 14.33 1423 13.10 17167 146.00 11.33 84.00 72.67 129.00 4.03 3500 2147 70.80 30.15 43
189.33 9427 2323 3876 2567 12.00 1523 18.66 176.00 13500 11.00 71.00 62.00 146.00 4.73 34.67 4543 7791 27.94 44
131.67 2613 19.13 3475 11.00 14.67 887 17.61 14333 149.67 11.00 84.33 78.67 146.00 3.77 31.33 46.87 7335 29.12 45
118.00 50.83 17.25 36.20 14.33 13.00 9.07 1815 146.33 114.67 12.00 73.67 65.00 146.00 3.90 25.67 4443 7881 3057 46
127.00 4363 1387 3143 17.00 11.00 15.30 18.05 136.00 146.00 10.67 89.33 79.00 146.00 4.57 4233 36.33 74.62 30.07 48
67.00 37.87 1520 31.82 16.00 12.00 9.20 13.05 84.67 11433 7.33 88.00 79.33 132.00 3.20 27.00 21.67 80.30 29.90 49
7133 2397 1751 30.79 6.67 9.67 547 10.02 101.00 14533 7.33 87.67 79.00 134.00 2.17 19.67 54.30 79.27 29.58 50
83.00 2957 24.27 3522 1333 12.00 7.37 16.78 113.00 133.33 833 89.00 77.67 146.00 3.67 29.33 40.97 7288 31.08 51
140.67 40.43 2587 29.08 11.67 10.00 10.87 18.00 149.33 132.67 9.00 89.33 80.67 146.00 270 30.33 33.03 73.03 30.61 52
217.33 107.77 28.93 39.06 25.00 16.00 1570 2247 17167 127.33 13.00 77.33 71.33 146.00 4.07 31.33 27.70 77.00 31.05 53
123.00 5252 2123 27.82 1267 10.67 13.77 1830 131.00 138.33 10.33 84.33 73.00 146.00 3.67 31.67 26.60 80.57 32.00 54
79.67 3817 16.10 39.85 1500 1533 9.27 1234 13433 123.67 9.33 84.67 76.00 133.33 3.17 23.67 34.60 63.07 30.22 55
117.67 60.43 30.77 3598 1433 12.00 10.17 1214 137.00 127.00 9.00 7133 63.67 136.00 3.73 27.67 4447 77.71 2883 57
19533 3343 2043 3250 14.33 12.00 13.10 19.47 189.00 143.67 14.33 93.00 86.00 146.00 4.50 44.00 28.63 53.07 31.46 60
133.67 57.37 2490 3585 2233 12.00 11.10 1431 14800 136.00 9.33 7500 68.33 146.00 3.73 23.00 43.00 86.24 30.25 62
25533 117.66 31.67 4238 2133 1533 1333 2216 177.67 14200 11.67 69.00 67.00 146.00 3.37 32.00 4693 87.20 3161 64
87.87 49.00 28.03 39.05 12.00 14.33 11.87 17.74 14233 130.00 10.33 76.67 72.67 146.00 2.77 25.00 41.97 80.94 30.08 65
173.00 120.07 29.65 38.81 30.00 12.67 17.20 18.90 174.33 117.00 10.33 70.33 65.33 135.00 3.13 23.67 4347 8435 3042 66
8155 6750 21.07 36.70 28.00 11.67 1357 16.79 121.67 114.67 9.33 74.67 70.67 146.00 3.57 2850 37.07 8055 30.01 72
19500 11150 24.23 38.18 3500 13.33 18.00 20.14 161.00 142.00 11.33 82.00 73.00 146.00 390 34.17 3210 7288 3239 73
119.57 4827 21.07 3761 17.00 14.00 1090 14.87 127.67 125.00 11.00 78.00 69.00 146.00 3.30 2517 29.70 83.15 3051 74
97.67 5227 17.77 39.77 19.33 1533 1133 1443 139.67 14567 8.00 78.00 71.00 141.67 3.47 2650 37.90 76.81 30.16 75
189.00 8053 1957 3328 2167 13.67 1247 1838 147.67 15567 9.00 81.00 78.00 146.00 4.63 29.50 23.87 8213 29.50 76
12567 6337 2353 3447 2367 12.00 1290 2248 151.33 143.00 11.00 83.00 70.33 140.33 3.13 24.00 29.70 83.38 30.72 1
60.00 36.62 1533 31.18 18.00 14.00 1227 1351 121.33 130.67 8.00 79.67 7233 138.00 2.77 28.67 32.73 7204 30.81 79
181.00 49.10 21.20 32.80 16.33 10.67 13.33 20.27 149.00 146.00 10.33 81.67 74.00 137.33 3.40 39.67 3927 83.92 30.78 80
15233 6180 2053 3359 21.00 13.33 1263 15.09 111.67 140.33 8.67 70.67 62.00 14133 3.00 21.67 4227 70.10 2954 83
117.00 3863 1270 28.08 16.33 12.00 11.40 18.73 134.00 143.00 10.00 80.67 69.00 138.00 3.87 27.67 3473 78.37 28.69 85
126.00 4323 19.83 3336 10.67 13.67 9.83 18.86 147.00 134.67 11.67 79.67 71.00 146.00 3.30 25.00 3260 84.11 3021 89
163.67 6053 2393 3692 13.33 15.67 14.30 19.79 14233 147.33 12.00 83.33 74.67 146.00 247 20.67 3820 78.57 29.06 91
109.00 5563 20.80 33.13 18.00 14.00 10.70 14.62 107.67 12233 9.33 79.00 68.67 136.33 3.03 18.00 3893 83.68 29.97 96
6167 33.77 1413 31.33 19.00 13.33 11.07 1439 92.00 148.33 8.00 93.00 8500 146.00 2.53 23.67 4840 8226 29.51 98

116.00 6123 21.37 40.08 17.67 14.33 897 1422 107.00 147.00 11.00 76.67 68.33 143.33 4.77 33.67 49.00 7518 31.02 100
207.33 97.63 30.27 37.96 26.00 12.67 18.10 20.47 110.00 154.67 11.33 76.00 68.67 146.00 4.40 36.67 4593 7171 3081 104
203.33 99.23 3047 4170 2400 11.33 1397 21.93 18500 136.33 10.67 7133 67.00 141.00 4.13 37.33 3790 80.25 3256 105
110.67 4503 2520 33.87 1467 12.67 873 1581 96.67 136.00 8.67 7233 67.00 146.00 293 21.33 36.33 71.84 2948 106
111.67 5357 27.47 3469 1933 12.67 1130 1645 96.00 14267 8.33 76.00 70.67 139.33 357 30.67 36.57 7857 3044 107
117.33 9052 2357 3471 2400 12.00 13.10 19.78 140.67 134.00 12.67 76.67 65.00 146.00 3.03 24.33 30.87 78.11 3261 108
165.33 9835 24.80 39.02 2467 13.33 1457 15.64 16567 13267 9.67 8200 70.67 146.00 3.00 28.00 3113 7136 30.72 109
147.00 59.87 1893 34.05 26.33 12.67 1440 17.53 12300 141.00 9.67 78.00 71.00 146.00 3.67 26.33 30.40 79.71 30.84 110
168.00 87.23 24.43 36.68 31.00 11.33 16.73 20.08 160.67 123.67 11.67 79.33 69.00 139.67 3.33 29.00 3550 80.96 31.05 111
198.00 6207 1950 39.69 22.00 13.33 1257 1837 16233 144.67 11.33 88.33 83.00 146.00 3.40 26.33 2567 6537 3184 112
121.00 3054 2354 3355 7.67 10.67 9.10 20.72 15433 14333 11.67 89.67 83.00 134.33 4.23 30.67 2543 7216 3299 113
14833 77.72 2323 3725 2567 12.00 1280 2521 166.67 155.33 11.67 84.67 75.67 146.00 4.53 22.00 30.43 80.98 29.39 114
14233 8147 26.70 36.47 26.00 10.67 1457 18.03 143.00 142.00 10.67 78.00 69.00 137.33 4.03 3500 38.13 85.80 2850 115
220.33 9293 29.13 4082 2367 13.33 1530 21.03 188.67 143.33 11.00 81.33 74.00 146.00 393 25.00 2577 68.56 29.07 116
82.67 4330 2590 3553 1367 12.67 9.47 1861 134.67 126.00 9.67 8333 71.33 146.00 3.83 31.00 33.90 79.29 29.16 117
126.00 87.23 2553 36.71 30.00 12.00 15.67 17.81 151.00 146.33 10.33 80.67 74.33 146.00 290 33.00 30.17 76.72 29.04 118
179.67 78.43 24.83 3651 2033 13.33 17.37 19.36 138.67 14267 8.00 79.67 73.00 146.00 3.83 3533 3537 7269 28.69 119
100.67 48.37 20.83 3359 1500 12.67 10.37 14.72 10433 147.33 9.33 84.67 78.67 146.00 3.00 26.67 2530 7173 2895 120
154.00 76.00 27.80 44.49 2100 14.00 13.83 20.29 158.33 146.67 11.67 79.67 74.00 146.00 4.40 29.00 3217 78.58 27.59 121
189.67 10540 24.26 4190 31.00 13.33 15.67 17.50 151.67 143.00 12.33 81.00 75.00 146.00 357 31.67 2360 7555 2931 122
178.33 116.10 27.60 43.41 29.67 13.33 1487 19.32 12400 139.67 10.00 77.67 69.00 146.00 4.03 33.67 36.20 82.88 29.59 123
56.16 3308 646 548 858 291 294 339 2213 625 145 468 371 205 109 788 905 854 214 LDS(0.05

{DM) Sl (S b i3y dFLW) 20 52 25 (FLL) 22 S0 J3b {SPAD) Ji35,1S” Slsioms (RWC) S T (oo (elyimo o(Clem) (i (5lo>
(RPE) UM &by aysy sluws (EL) M Jobo ¢(SD) bl ylad « (PH) a5gy glisyl (LA) Sy gl (NL) Sy IS slaas (DE) I ysols b 55, o DF) (23 ol b 3,

(BY) wloge 3,Skes 5 (GY) ails 3,Sas (HGW) &il> 1o 55 {ED) M jlab (GPR) i, 55 dils sluss
Canopy temperature (Ctem), Relative water content (RWC), Chlorophyll content $SPAD), Fag leaf length éFLL), Flag leaf width (FLW), Day to
physiological maturity (DM), Day to tasseling (DT), Day to earing (DE), Number of leaves (NL), Leaf angle (LA), Plant height (PH), Stem diameter

SD), Ear length (EL), Number of row per ear (RpE), Grain per each ear’s row (GpR), Ear diameter (ED), Hundreds grain weight (HGW), Grain yield
GY), Biomass yield (BY)
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Table 5. Coefficients of investigated traits in maize selection indices under normal and phosphorus deficit conditions

SR Ogs Jl‘)j ]ﬁ“)‘:’ o
Phosphorus deficit conditions Normal conditions
Robinson Pesek Baker Smith_Hazel Robinson Pesek Baker Smith_Hazel Trait
0.28 4.15 3.11 0.73 -1.17 3.29 CTEM
0.62 0.74 1.33 0.07 -0.99 0.45 RWC
-0.25 0.30 0.53 0.02 -0.17 1.08 SPAD
0.17 -1.07 0.67 -0.39 243 0.03 FLL
-5.92 8.49 -1.01 222 -3.82 7.22 FLW
0.58 -0.38 1.96 0.37 -1.27 2.22 DM
-0.49 0.21 0.38 -0.37 1.86 1.48 DT
-0.07 0.33 0.57 -0.04 -0.86 0.34 DE
0.47 2.38 2.80 1.04 -7.84 2.94 NL
-0.11 0.22 0.84 -0.13 0.69 0.40 LA
0.04 -0.13 0.93 0.13 -0.10 1.27 PH
-1.16 -1.55 -0.09 -0.33 2.05 1.00 SD
1.47 4.54 3.91 0.02 -9.28 3.99 EL
-2.13 -2.17 -5.36 -0.93 2.87 -3.03 NRPE
0.69 -2.11 0.14 0.01 5.65 -1.13 GPEER
1.23 2.15 1.77 -0.01 2.64 0.01 ED
0.20 -1.24 0.02 0.01 3.46 -1.22 HGW
0.10 0.18 0.46 0.78 -0.77 1.26 GY
0.21 -0.03 1.12 0.03 0.00 0.84 BY

(GY) &ils 3,Shae (HGW) &ls 1o )39 (ED) IS jlad (GPR) s, , il slaws (RPE) JM s iy, slass (EL) I Jobo ((SD) @bl s « (PH) wigs glis| (LA) Sy asgl; (NL) S S sluws (DE)
(BY) ologn 5)Slas 4
leaf width (FLWE,) Day to physiological maturig (DM),

Canopy temf)erature (Ctem), Relative water content#RWC), Chloroph%/ll content (SPAD), Faﬂ leaf length (FLL), Fla%
i i eal ight (SD), Ear length (EL), Number of row per ear (RpE), Grain

Day to tasseling (DT), Day to earing (DEzEv Number of leaves (NL), L an\%le (LA), Plant height (PH), Stem diameter
per each ear’s row (GpR), Ear diameter (ED), Hundreds grain weight (HGW), Grain yield (GY), Biomass yield (BY)
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Table 6. Genetic gain for each trait (AG) of maize under normal and phosphorus deficit conditions

Slas | Se o el (S5 39w
Genetic gain of traits (AG)

Shed 0508 (15 Jloy Lyl gy
Phosphorus deficit conditions Normal conditions Trait
Robinson Pesek_Baker rm Smith_Hazel Robinson Pesek_Baker rim Smith_Hazel
0.73 0.24 0.76 0.80 1.28 0.19 1.30 1.38 CTEM
1.95 1.00 119 1.15 -0.36 0.37 -0.50 -0.62 RWC
-0.94 1.34 -1.08 -1.26 0.99 0.83 0.96 0.81 SPAD
4.69 1.02 5.26 5.46 431 0.55 552 5.61 FLL
0.76 0.13 0.84 0.87 0.82 0.07 0.87 0.89 FLW
3.53 1.01 3.75 3.90 3.34 0.59 3.63 3.76 DM
-3.13 0.92 -1.68 -1.69 -0.83 0.38 0.50 0.52 DT
-3.89 1.04 -2.47 -2.42 -2.02 0.48 -0.44 -0.42 DE
0.78 0.23 1.01 1.01 0.69 0.11 0.89 0.89 NL
-3.18 1.91 -0.02 -0.12 -1.78 0.85 0.18 0.19 LA
35.28 517 38.78 39.12 33.29 2.54 36.37 36.92 PH
2.82 0.50 3.18 3.24 2.46 0.28 299 3.01 SD
461 0.59 4.46 4.50 4.45 0.31 4.47 4.50 EL
-0.36 0.28 -0.27 -0.32 -0.69 0.17 -0.79 -0.86 NRPE
10.97 1.42 10.11 10.15 12.62 0.83 11.81 11.90 GPEER
4.06 0.71 4.04 3.90 4.85 0.38 437 4.30 ED
5.20 0.87 4.98 4.95 6.79 0.53 6.38 6.40 HGW
52.60 5.97 49.52 49.54 77.51 4.39 72.02 72.14 GY
103.98 12.49 110.71 111.34 128.76 8.53 145.6 145.74 BY
RHI
0.0002 0.0005 0.9756 0.9798 0.0001 0.0003 0.9778 0.9806 @hol 5] 5 (ASS o (Siwren
Correlation between index with
additive value
AH
0.009 0.003 233.083 229.374 0.008 0.003 296.217 291.306 Jal 3)g0 dgu
Expected gain
RE
1.1509 0.1307 1.0836 1.0839 1.0757 0.0610 0.9995 1.0011 ] 23S (g (g5
Relative efficiency of selection
index
CVi
19.837 4.107 12.209 11.601 30.641 39.308 13.334 13.262 023D (s Lyl S

Phenotypic coefficient of variation
for indices

TP 3525 39, (DF) 5 Job B 39 {DM) 3055 (Ss; 6 jo; AFLW) iz S e (FLL) 22 S 2 Jsb (SPAD) Li3,J5 (dlyime {RWC) 552 o (oo slyios (Clom) g sles
(GY) &l 5,Skee (HGW) &1y 1 555 (ED) I3 s (GPR) s, > &ils slass (RPE) SO &l sy 3l (EL) M Jobo (SD) il jlas « (PH) aigs glisl (LA) 5 s aslj (NL) S JS sl (DE)

_ ) C(BY) eleg 3,Skes
Canopy temFerature (Ctem), Relative water contenthWC), Chloroph%/II content (SPAD), Eag leaf length (FLL), Flag leaf width (FLW&, Day to physiological maturity (DM),
Day to tasseling (DT&, Day to earing (DEzEv Number of leaves (NL), Leaf angle (LA), Plant heig tg’_H), Stem diameter (SD), Ear length (EL), Number of row per ear (RpE%, Grain
per each ear’s row (GpR), Ear diameter (ED), Hundreds grain weight (HG\%I), Grain yield (GY), Biomass yield (BY)

Biswas et al., 2001; Khavari Khorasani and)
Mehdipour, 2017; Modarresi et al., 2004; Moll et

g3 YY 5l (al., 1975; Suwantaradon et al., 1975
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Table 7. Lines' response to selection based on Smith-Hazel, Brim, Pesek-Baker and Robinson indices

Robinson Pesek_Baker Brim Smith_Hazel Y oyl

Stress Normal Stress Normal Stress Normal Stress Normal >
203.27034 181.8234 247.71988 74.762345 1366.3 1537.743 1376.1075 1488.2988 1
183.17303 197.32208 243.91739 29.324144 1233.72 1598.423 1251.1589 1542.6142 2
166.49323 203.68792 230.11618 60.873587 1225.45 1494.399 1228.4876 1460.0291 3
188.75144 194.43816 235.85465 69.467139 1279.87 1533.504 1278.2934 1490.1027 4
192.56955 211.17749 232.00329 79.416497 1293.16 1497.764 1298.2838 1457.1849 5
193.30247 197.51348 219.15886 99.478742 348.9 1528.166 1339.2562 1482.6747 6
191.87118 254.61558 254.59171 46.025711 1310.18 1690.214 1330.5579 1648.9701 7
181.48616 179.00908 221.92657 83.831709 1297.85 1447.698 1304.6759 1420.6474 8
201.02666 213.05918 233.47193 -9.654506 1389.37 1500.326 1376.676 1513.3071 9
202.62162 200.47792 238.27398 68.587743 1447.62 1662.605 1432.2068 1604.5691 10
207.62932 190.44109 247.25262 50.410928 1379.18 1641.455 1386.9652 1591.3393 11
178.93993 167.51919 239.45035 59.086771 1288.75 1479.478 1299.1215 1447.0211 12
193.93633 166.4374 219.58942 90.223238 1333.78 1580.15 1339.607 1511.4701 13
171.02468 164.80878 226.42449 49.47535 1196.63 1358.444 1210.7267 1333.9525 14
164.85539 170.00817 245.6775 36.161272 1201.26 1419.803 1204.0359 1406.1863 15
146.2439 135.37783 234.80319 87.39961 1070.85 1212.573 1101.4964 1197.0888 16
160.75576 155.17637 236.02605 17.187724 1182.97 1298.456 1187.4993 1320.098 17
159.92306 176.51425 229.39737 72.737366 1154.8 1357.976 1170.5917 1344.223 18
165.47957 157.66551 234.38017 78.863607 1207.53 1414.139 1222.4307 1369.7284 19
175.74023 182.78994 244.86835 61.549052 1279 1413.407 1280.371 1404.1216 20
193.70628 181.37474 244.97582 58.730792 1324.08 1604.918 1343.3774 1572.2379 21
208.20451 188.53183 231.90596 63.370106 1407.85 1513.923 1397.8744 1477.6113 22
167.55747 173.34033 236.3917 40.565614 1274.51 1424.556 1278.6207 1399.9645 23
200.38834 202.71171 231.06294 70.081865 1356.56 1603.282 1336.0175 1557.8914 24
198.38343 236.49815 233.45791 25.190548 1405.01 1608.645 1381.8095 1581.4474 25
187.24054 249.32403 234.18886 64.464009 1321.43 1602.797 1313.4468 1549.465 26
189.28048 233.77341 232.04166 61.101249 1312.13 1595.678 1317.7166 1558.3257 27
191.27655 239.49718 243.28725 63.822118 1279.78 1656.776 1271.176 1597.8316 28
147.30341 132.74768 257.37652 7.700603 1116.94 1281.841 1145.0361 1270.5739 30
120.10136 113.45291 229.05263 114.18418 993.19 1176.37 1003.4205 1123.5004 31
113.03111 88.572088 242.66983 61.756567 955.01 1132.421 981.88468 1105.7435 32
121.72452 107.2184 226.93603 79.537662 1007.86 1165.35 1035.7116 1134.0104 33
119.85528 87.388159 229.89 69.266388 949.57 1037.415 992.9442 1002.1435 34
123.54173 121.49791 233.1817 49.98518 1092.86 1259.526 1077.9942 1234.1577 35
143.88293 122.40674 216.09957 47.483129 1066.04 1258.91 1072.2141 1226.8679 36
146.34724 153.67575 224.73512 47.016652 1072.26 1254.18 1094.0909 1244.9365 37
106.41753 84.575565 225.44959 72.236543 900.23 1033.156 910.26506 995.45298 38
123.87429 112.43892 214.80089 41.927871 1018.43 1158.804 1018.6001 1137.9766 39
141.24029 133.50244 236.13641 54.993037 1112.42 1223.397 1122.8462 1207.6231 40
126.07137 108.90093 241.30207 56.146613 982.04 1143.683 1007.9146 1127.8172 42
128.85267 93.32886 222.86694 101.02008 1080.49 1213.109 1082.351 1158.9379 43
164.74832 146.66174 231.2989 12.327845 1208.83 1261.713 1212.0624 1274.416 44
106.23503 108.36092 227.97492 77.780386 1061.27 1227.858 1061.0991 1197.2769 45
127.18235 129.6104 239.3243 53.80501 1017.88 1199.008 1041.3007 1174.0576 46
123.05687 97.667162 252.17423 116.09398 1072.2 1224.153 1101.3966 1181.5616 48
108.77267 102.2893 232.68842 93.694285 869.87 1122.29 882.31553 1083.2294 49
98.483125 69.099987 248.27436 38.398322 914.75 1041.804 931.60853 1027.8631 50
105.35599 79.897588 222.71707 72.963875 966.8 1099.157 972.18847 1069.6809 51
126.58371 95.929155 213.48189 31.451169 1063.29 1179.317 1087.3505 1168.9585 52
165.65333 183.05732 227.88011 81.134399 1250.07 1465.89 1229.9685 1417.6922 53
129.19181 105.51123 248.02258 44.639985 1037.48 1141.215 1075.2734 11245521 54
104.96591 101.39784 238.7722 66.103044 941.79 1120.394 934.85986 1071.0617 55
133.28041 117.67855 228.26517 17.602607 1019.9 1135.64 1021.9625 1139.533 57
120.56817 90.907861 222.79921 86.906391 1174.25 1364.849 11955614 1327.6556 60
147.56546 141.64373 234.72301 34.285276 1080.41 1214.153 1096.6942 1209.5321 62
181.73654 221.29544 235.83768 33.297117 1333.64 1604.13 1311.0635 1565.1951 64
128.18514 119.84422 240.62728 88.337695 1018.65 1168.877 1025.486 1126.4792 65
175.77945 190.07178 238.60247 38.469186 1197.66 1382.15 1180.936 1336.4684 66
143.06616 144.47261 225.62925 53.126723 993.56 1257.008 1007.3303 1231.5794 72
172.14783 160.56855 233.78357 77.468183 1246.15 1399.971 1234.1888 1359.9581 73
141.24677 102.53715 241.22113 84.99714 1011.79 1215.348 1037.5811 1171.032 74
125.29398 112.90564 240.5007 98.906427 1026.75 1180.857 1021.5867 1115.3281 75
141.14491 130.01944 232.1497 49.427911 1175.54 1297.937 1168.301 1276.2607 76
139.36288 135.99496 227.34306 65.013769 1088.01 1301.551 1094.3795 1260.6438 7
110.04082 85.804791 225.34887 40.07467 917.93 1064.145 927.52873 1053.1673 79
143.09473 112.11104 235.93016 48.754178 1140.07 1316.699 1163.9452 1292.3708 80
138.41233 100.85708 224.12386 86.51351 1031.55 1122.253 1043.781 1076.1223 83
111.64629 91.858111 228.68068 65.924208 1002.87 1109.546 1021.2684 1092.0497 85
125.4301 112.20322 238.29106 40.089591 1040.68 1186.543 1062.6475 1166.6054 89
139.02272 110.70094 248.2479 63.766649 1122.77 1202.168 1126.7304 1167.4446 91
126.24453 113.90272 239.19103 38.452668 972.82 1100.818 975.98729 1072.2516 96
106.43427 76.94626 241.13194 54.040853 957.39 1057.021 957.72725 1028.1148 98
121.27719 124.23028 252.03893 102.42565 1040.84 1218.311 1033.1538 1164.9426 100
161.2074 148.97979 248.01393 54.599108 1206.62 1365.339 1204.0668 1321.7331 104
171.33635 152.36726 235.39811 99.218597 1249.46 1348.382 1250.2312 1307.1525 105
122.54643 86.454039 213.07171 42.74669 955.23 1030.397 970.74874 1014.8745 106
126.73851 90.610677 224.10494 59.178689 999.97 1085.194 1000.1413 1047.5128 107
149.48426 142.75749 238.4046 55.400916 1078.97 1223.377 1091.4518 1200.4022 108
163.32684 150.36815 230.26667 14.576969 1166.6 1309.596 1162.045 1290.5251 109
147.03409 114.51866 234.63185 48.85341 1070.4 1189.265 1092.4412 1163.779 110
168.7532 150.96311 233.58583 49.321885 1159.33 1298.879 1170.7597 1276.69 111
146.76475 140.109 238.44804 48.918914 1173.8 1341.729 1185.5158 1312.1188 112
101.91542 106.67114 252.18511 44523327 1038.6 1254.618 1057.6356 1245.6494 113
136.53145 144.16127 235.50689 93.499234 1169.55 1376.307 1161.6795 1324.8545 114
154.0913 126.31932 233.16419 78.670169 1127.7 1236.057 1127.7552 1200.7736 115
163.71327 177.93163 226.73395 67.600295 1253.2 1458.322 1246.7291 1417.8948 116
117.44965 101.20577 218.17818 60.066994 990 1133.774 995.07865 1106.2406 117
157.81181 134.16028 214.17918 64.99321 1131.44 1272.321 1126.1724 1251.1337 118
149.73392 142.65265 231.28219 90.991045 1153.75 1367.998 1154.4083 1318.8998 119
119.33495 105.10916 226.14886 53.758411 982.2 1144.605 992.9952 1110.48 120
148.47248 144.93422 242.60903 69.393782 1159.49 1384.523 1151.6294 1345.4751 121
175.41075 179.37044 233.19635 63.244542 1211.43 1455.853 1205.8751 1410.8822 122
172.7672 165.86191 238.0198 76.352219 1195.34 1325.103 1176.3338 1280.0657 123




03lj oulB dialy 5 (ogip gl 03l) (Ra9)3 L) (g8 jg 8 aebold

WY VY /Y oyl /MJ)JLAJ Jw /ud)} oLlS #Mol a4l yings

Ol Bgd oo By pp padld Glyied Boadls cpl culple by baulyd 93 a3 oS amd e LS (o) B (IS ooy
5 Jly kulyd )3 5y cuigy olsisa Voo)led quigi (ulul by 5 Jpem ol (a3l gl QL] (g)9d (5 5
Wgdion (Bpme yind 3geaS (5 Lailpd 3 Ve o)l gy (AH) QL QDS pren 5 (cd (siedge (VL 4 2295
5 Jalgs aigy elasyl g w5, Slos ¢ yologn 5,Slos !5l cely

References

Adesemoye, A.O. and J.W. Kloepper. 2009. Plant-microbe interactions in enhanced fertilizer-use
efficiency. Applied Microbiology and Biotechnology, 85(1): 1-12. doi: 10.1007/s00253-009-2196-0.

Ahmadpour, S., R. Darvishzadeh, and O. Sofalian. 2018. Selection Indices for Yield Improvement of
Sunflower under Normal and Salt Stress Conditions. Journal of Crop Breeding, 10(25): 91-100 (In
Persian).

Asghar, M.J. and S.S. Mehdi. 2010. Selection indices for yield and quality traits in sweet corn. Pakistan
Journal of Botany, 42: 775-789.

Banaei, R., A. Baghizadeh and S. Khavari Khorasani. 2016. Estimates of genetic variance parameters and
general and specific combining ability of morphological traits, yield and yield components of maize
hybrids in normal and salt stress conditions. Plant Genetic Research, 3: 57-74 (In Persian).

Baker, R. J. 1986. Selection indices in plant breeding. CRC. Press. Inc. 218p.

Bernardo, R. 2010. Breeding for Quantitative Traits in Plants, 2nd ed.; Stemma Press: Woodbury, MN,
USA.

Biswas, B. K., M. Hasanuzzaman, F. El Taj, M.S. Alam and M.R. Amin. 2001. Simultaneous selection for
fodder and grain yield in sorghum. Journal of Biological Sciences, 1: 321-323.

Brim, C. A., H.W. Johnson and C.C. Cockerham. 1959. Multiple selection criteria in soybeans 1. Agronomy
Journal, 51(1): 42-46.

Crouch, D. J. and W.F. Bodmer. 2020. Polygenic inheritance, GWAS, polygenic risk scores, and the search
for functional variants. Proceedings of the National Academy of Sciences, 117(32): 18924-18933.

Davik, J. 1989. A selection index for population improvement in white cabbage (Brassica oleracea L. var.
capitata). Hereditas, 111: 17-23.

Falconer, D.S. and T.F.C. Mackay. 1996. Introduction to quantitative genetics. Essex. UK: Longman Group

FAOSTAT. Available online: http://www.fao.org/faostat/es/#data/QC (accessed on 12 June 2020).

Hashemzehi, M., A. Moradgholi and A. Ghasemi. 2013. Evaluation of responses of mung bean (Vigna
radiata) genotypes to drought stress using different stress tolerance indices. Journal of Crop Breeding,
5(12): 112-122. (In Persian)

Hazel, L.N. 1943. The genetic basis for construction selection indexes. Genetics, 28(6): 476-490

Hu, Y. and U. Schmidhalter. 2005. Drought and salinity: a comparison of their effects on mineral nutrition
of plants. Journal of Plant Nutrition and Soil Science, 168(4): 541-549.

Khavari Khorasani, S. and A. Mehdipour. 2017. Evaluation of selection indices for genetic improvement
of grain yield of singlecross corn hybrids (Zea mays L.) under favorable irrigation conditions and water
stress. Plant Genetic Research, 5(1): 1-18.

Modarresi, M., M. Kheradnam and M. Asad. 2004. Selection indices as indirect selection in corn hybrids
(Zea mays L.) for increasing grain yield. Iranian Journal of Agriculture Science, 35(1): 115-127. (In
Persian)

Moll, R. H., C.W. Stuber and W.D. Hanson. 1975. Correlated responses and responses to index selection
involving yield and ear height of maize. Crop Science, 15: 243-248.

Naomi, M., Supriyono, I. A. Nurmalasari and Pardono. 2021. Role of phosphate fertilizer on growth and
yield of hybrid maize (Zea mays L.). IOP Conference Series: Earth and Environmental Science, 637:
012070. 10.1088/1755-1315/637/1/012070.

Olsen S.R.1954. Estimation of Available Phosphorus in Soils by Extraction whit Sodium Bicarbonate.
Washington, DC.

Pandey, R., G. Zinta, H. AbdElgawad, A. Ahmad, V. Jain and I.A. Janssens. 2015. Physiological and
molecular alterations in plants exposed to high [CO2] under phosphorus stress. Biotechnology
Advances, 33(3-4): 303-316.

Pesek, J. and R. Baker. 1970. An application of index selection to the improvement of self-pollinated
species. Canadian Journal of Plant Science, 50(3): 267-276.

Rezaee, A.M. 1994. Selection indices in Plant Breeding. Proceeding of the third international agronomy
plant breeding congress, Tabriz, Iran. p:105-134.

Robinson, H. F., R.E. Comstock and P.H. Harvey. 1951. Genotypic and phenotypic correlation and their
implications in selection. Agronomy Journal, 43: 282-287.

Shiri, M. and L. Ebrahimi. 2018. Comprehensive SAS code for computing several selection indices. Journal
of Crop Improvement, 32(2): 225-238.

Singh, S. K., V.R. Reddy, D.H. Fleisher and D.J. Timlin. 2017. Relationship between photosynthetic
pigments and chlorophyll fluorescence in soybean under varying phosphorus nutrition at ambient and
elevated CO,. Photosynthetica, 55: 421-433.

Smith, H. F. 1936. A discriminant function for plant selection. Annals of Eugenics, 7(3): 240-250.



0315 B alsly g wsiy gl 03l) iagyd Loy ¢ 2585958 dbbld

VYA Jloys Loyl yis o )3 55 ails 3,See Doty sl i S (23l drwgs

Suwantaradon, K., S.A. Eberhart, J.J. Mock, J.C. Owens and W.D. Guthrie. 1975. Index selection for
several agronomic traits in the BSSS2 maize population. Crop Science, 15: 827-833.

Tahmasabi, A., R. Darvishzadeh, A. Fayaz Moghadam, E. Gholinejad and H. Abdi. 2021. Use of selection
indices to improve seed yield in native sesame stands. Plant Genetic Research, 8(2): 117-130. Doi:
10.52547/pgr.8.2.9.

Tajbakhsh, M.1996. Maize. Publication ahrar Tabriz. 131pp. (In Persian).

Tesfaye, K., S. Gbegbelegbe, J.E. Cairns, B. Shiferaw, B.M. Prasanna, K. Sonder, K. Boote, D. Makumbi
and R. Robertson. 2015. Maize systems under climate change in sub-Saharan Africa: Potential impacts
on production and food security. International Journal of Climate Change Strategies and Management,
7(3): 272-289.

Veneklaas, E.J., H. Lambers, J. Bragg, P.M. Finnegan, C.E. Lovelock, W.C. Plaxton, C.A. Price, W.R.
Scheible, M.W. Shane, P.J. White and J.A. Raven. 2012. Opportunities for improving phosphorus use
efficiency in crop plants. New Phytologist, 195: 306-320.

White, P.J., M.R. Broadley and P.J. Gregory. 2012. Managing the nutrition of plants and people. Applied
and Environmental Soil Science, 2012: 104826.


http://dx.doi.org/10.52547/pgr.8.2.9



