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Abstract

Introduction: Identifying and selecting suitable lines and varieties for wheat cultivation in each
geographical area is of great importance. New wheat lines are commonly evaluated through advanced
experiments in similarly climatic regions, using the results to identify appropriate varieties for
cultivation in each area within most breeding programs worldwide. The aim of this research is to
conduct an initial assessment of wheat lines and identify superior lines for further testing, with the
goal of introducing new varieties in the southern region of Fars province.

Materials and Methods: This research was conducted to evaluate and select superior bread wheat
lines with desirable agronomic traits at the Agricultural Research Station of Darab during the
agricultural years 2019-2020 and 2020-2021. The lines used in this research were selected from
various experiments conducted in Zabol, Darab, and Karaj, as well as from international trials.
Additionally, double haploid lines derived from a joint program between the Seed and Plant
Improvement Institute and Florimond Desprez in France were included.. In the first year, 315 pure
bread wheat lines were examined, and 65 superior lines were selected using the Selection index of
ideal genotype (SIIG). In the second year, these lines, along with three control cultivars, were planted
and evaluated in an alpha lattice design.

Results and Discussion: The analysis of variance for quantitative traits in the control varieties
indicated no significant differences between the blocks. Performance analysis of the traits shows that
the two traits of grain yield (equivalent to 16.45) and grain filling rate (equivalent to 14.78) had the
highest coefficients of variation, thus exhibiting the greatest diversity among the quantitative traits.
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Additionally, the minimum and maximum grain yield of the evaluated lines were 1.83 and 8.33 tons
per hectare, respectively. The results of the coefficient of variation parameters, along with the
minimum and maximum values, confirm the presence of high diversity in grain yield. Consequently,
using the selection index SIIG, lines were selected with an average yield of 7.49 tons per hectare,
which was higher than the average yield of the control genotypes (6.97 tons per hectare) and the total
lines (6.50 tons per hectare). In the second year, significant differences were observed between the
lines for most examined traits. The results of this study also indicate that the average performance of
65 selected lines in the second year was 5.04 tons per hectare, which represents a decrease of
approximately 2 tons per hectare compared to the performance of the same lines in the first year. The
rainfall recorded in the first year was 486.2 mm, while in the second year, it was 73.7 mm. An analysis
of the average temperatures during the two critical months of grain filling, namely April and May,
shows that the weather in the first year during these months was cooler than in the second year. This
contributed to the reduction of the thousand-grain weight from 42.19 gr in the first year to 33.50 gr in
the second year. Regarding selection differential, the highest and lowest values corresponded to the
traits thousand grain weight (4.80%) and height (-0.89%), respectively. Additionally, the total
selection differential, both positive and negative, was obtained as 5.60% and -2.69%, respectively.
The SIIG categorized the lines into six groups. Genotypes number 28, 36, 60, 25, 45, 53, 35, 12, 33,
11, 37, 16, 34, 19, 59, 48, 49, 8, and 30 were identified as the best genotypes with yields exceeding
that of the control cultivars. Examination of the pedigree of the top selected lines showed that several
of the top selected lines included parents PASTOR, BORL14, KACHU, and WBLL1. These parents
likely played a crucial role in the success of these lines compared to other tested lines. The selected
parents in this research possess beneficial genes (such as drought resistance genes from the top
selected lines originating from SAWYT, temperature tolerance from HTWYT, rust resistance from
13STEMRRSN, etc.) that have enhanced yield and quality of wheat under specific climatic conditions.
Conclusion: The results demonstrated the effectiveness of the SIIG in classifying the genotypes, and
based on the findings, the selected lines were introduced for adaptability testing in national uniform
trials in the hot climate of the country.
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Table 1- Pedigree of bread wheat pure line at 2020-2021 cropping season

Genotype pedigree
Chamran2
2 TURACO/CHIL//SKAUZ/3/PASTOR/4/Pishtaz/5/Sirvan
3 TURACO/CHIL//SKAUZ/3/PASTOR/4/Unknown/5/Sirvan
4 TURACO/CHIL//SKAUZ/3/PASTOR/4/Unknown/5/Sirvan
5 TURACO/CHIL//SKAUZ/3/PASTOR/4/Unknown/5/Sirvan
6 Chamran 2//SW89.3064/STAR
7 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
8 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
9 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
10 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
11 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
12 Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR
13 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz
14 PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz
15 F60314.78/MRL//ICNO79/3/K A/Nac/4/Star/5/NSP88/Siren//Shiroodi
16 CBRD-3/STORK X DICOCCOIDES//Baz/3/ATTILA50Y//ATTILA/BCN
17 KAUZ*2/OPATA//KAUZ/3/DEEK/4/ATTILAS0Y//ATTILA/BCN
18 F60314.78/MRL//CNO79/3/KA/Nac/4/Star/5/WEEBILL 1
19 ATTILAS0Y//ATTILA/BCN/4/OASIS/SKAUZ//4*BCN/3/2*PASTOR/5/PRL/2*PASTOR
20 ATTILA*2/AMAD//ENKQOY/3/PFAU/MILAN
21 BORL14//BECARD/QUAIU #1
22 MUTUS/ROLFO7//MUCUY
23 WBLL1*2/BRAMBLING/4/BABAX/LR42//BABAX*2/3/SHAMA
24 SOKOLL/WBLL1/4/D67.2/IPARANA 66.270//AE.SQUARROSA (320)/3/CUNNINGHAM
25 HUW234+LR34/PRINIA*2//SNLG/3/KINGBIRD #1/4/BAJ #1
26 SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/FRANCOLIN #1/5/MUNAL/6/KACHU #1/KIRITATI//KACHU
27 SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/FRANCOLIN #1/5/MUNAL/6/KACHU #1/KIRITATI//KACHU
28 BORL14*2//KFA/2*KACHU
Mehregan
30 KANCHAN*2/JUCHI//2*BORL14
31 ATTILA*2/PBW65*2//MURGA/3/KACHU/KIRITATI
32 BORL14*2/FITIS
KACHU
33 #1//WBLL1*2/KUKUNA/3/BRBT1*2/KIRITATI/6/ROLF07*2/5/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA
(213)//PGO/4/HUITES/7/BORL14
34 KACHU//KIRITATI/2*TRCH/3/KFA/2*KACHU
35 KACHU//KIRITATI/2*TRCH/3/KFA/2*KACHU
36 PUB94.15.1.12/WBLL1
37 BORL14*2//BECARD/QUAIU #1
38 ONIX/KBIRD//BORL14/3/ONIX/KBIRD
39 KRL 19/QUAIU #1//BECARD/QUAIU #1
40 BABAX/LR42/IBABAX*2/3/[KUKUNA/4/CROSBILL #1/5/BECARD/6/BORL14
41 SUP152/BLOUK #1/3/PRL/2*PASTOR*2//VORB/4/SUP152/BLOUK #1
42 SUP152/HUIRIVIS #1//2*BORL14
43 KFA/2*KACHU*2//SUP152
44 WBLL1*2/KURUKU//HEILO/3/WBLL1*2/KURUKU/4/SUP152/BAJ #1/5/SUP152/BAJ #1
45 WBLL1*2/BRAMBLING//WBLL1*2/BRAMBLING/3/2*BORL14
46 MERCATO/BECARD//BOKOTA
a7 FD07072/FRANCOLIN #1/4/ATTILA*2/PBW65//MUU #1/3/[FRANCOLIN #1
48 SUP152/BAJ #1/3/[KACHU//WBLL1*2/BRAMBLING
49 WBLL4/KUKUNA//WBLL1/3/WBLL1*2/BRAMBLING/4/BECARD/FRNCLN
50 VILLA JUAREZ F2009/CHYAK//MUTUS/AKURI
51 SUP152*2/TECUE #1/3/ATTILA*2/PBW65*2//MURGA
52 OASIS/SKAUZ//4*BCN*2/3/PASTOR/4/HEILO/5/PAURAQ/6/BECARD/QUAIU #1
53 FRAME//MILAN/KAUZ/3/PASTOR/4/SOKOLL/5/KACHU//WBLL1*2/BRAMBLING
54 PREMIO//P1 610750/PIFED/4/VORB/FISCAL//KACHU/3/WBLL1*2/BRAMBLING
55 MUNAL #1/FRANCOLIN #1*2//[KUTZ
56 KACHU//WBLL1*2/BRAMBLING*2/3/KACHU/KIRITATI
57 FRET2*2/BRAMBLING//BECARD/3/WBLL1*2/BRAMBLING*2/4/BECARD/QUAIU #1
58 Chamran/Baz
59 PRL/2*PASTOR//Morvarid
60 DEZ/SW891882//Shiroodi
61 DEZ/SW891882//Morvarid
62 KIRITATI/WBLL1//2*BLOUK #1*2/3/BECARD/QUAIU #1
63 BORL14*2//BECARD/QUAIU #1
64 BORL14*2//BECARD/QUAIU #1
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Table 2- Monthly meteorological data in the cropping seasons of 2019-2020 and 2020-2021

WAAIYAA cly Juad
2019-2020 Cropping season

VPeemIYAQ ely) Juad
2020-2021 Cropping season

olo Lo [PX)
Month ot Temp. (°C) ot Temp. (°C)
Rainfall (mm) e Aoy (Sl Rainfall (mm) e ddw eSile
Min Max Mean Min Max Mean
Heo
Oct 0.2 18.4 35.4 26.9 0 16 33.4 24.7
obl
Nov 26.1 10.8 26.2 18.5 7 16.2 27.3 18.7
431
Dec 117.3 6.3 19.8 13.1 40.6 7.6 20.4 14.2
<°
Jan 122.8 3.9 17.6 10.8 2 2.2 19.4 10.8
oo
Feb 24.6 3.8 18.3 111 4.1 4.5 22.8 13.7
odu|
Mar 9.4 7.9 23.1 15.5 17.2 9.9 24.6 17.2
0959
Apr 158.7 10.8 23.6 17.2 0.9 13.6 315 22.6
Clage
May 24.5 15.8 319 23.9 1.9 18.4 34.8 22.6
KEges
June 2.6 21.3 40.5 30.9 0 23.3 42 32.7
Los (SSlro
Temp. Mean - 11.0 26.3 18.7 ) 12.4 28.5 19.7
ol Egozo -
Rainfall Total 486.2 - - - 73.7 - -
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Figure 1- Heat graphs of genetic diversity of agricultural traits of bread wheat lines
A(F) SFR «(yis 1 0,90 Job :(E) SFP .&ils 4138 39 :(D) TGW caigy £lis ;1 :(C) PLH « Sy U 39, :(B) DME « boalivw b 39, :(A) DHE
b 50 anls ;33,5 41,8 CarBao g 4ls 3 ;Sloe :(G) YLD « aild (yods 3 sy
DHE: Days to heading, DME: Days to maturity, PLH: Plant height, TGW: Thousand grain weight, SFP: Seed filling period, SFR:
Seed filling rate and YLD: Grain yield
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Table 3- Descriptive statistics of different morpho-phenological traits in bread wheat pure lines

Loy €900 aals Sl gy
wlio Total lines Checks Selected lines

IS il Jan Sl psdd o pb dineS dindor Sy Volor  oBne jle il shno 1l lpdd o pd dhseS L
Mean STD  CVariation Min  Max Barat Chamran 2MehreganSarang Mean  STD  CVariation Min Max

DHE 11817 261 221 11100 127.00 11800 12025 11650 11825 11761 211 1.80 111.00 123.00
DME 15471 331 214 14300 16400 15675 15725 15325 15750 15524 294 1.89 150.00 164.00
PLH 9878  11.26 1140 2900 14800 10375 100.75 9375 9600 9708 1228 1265  29.00 120.00
TGW 4228 484 1145 2680 5520 4070  36.90 3760 4120 4219 370 8.77 3120 54.40
YLD 650 1.08 16.54 183 833 6.99 6.20 706 764 769 0.27 350 732 833
SFP 3654 315 8.63 2700 4700 3875 37.00 3675 3925 3763 299 7.94 3200 47.00
SFR 117 017 1478 075 164 1.05 1.00 102 106 113 0.12 10.22 084 137
ails & yShos JS' pKileo
6.50 6.97 7.69

Total average grain yield
wls o Sloe (YLD ¢ ails o 53 e s SFR (yals 5 0,90 Jobo :SSFP ails 52 59 TGW gy glas )] : PLH ( S0, b 59, DME ( 204l U 3, DHE

DHE: Days to heading, DME: Days to maturity, PLH: Plant height, TGW: Thousand grain weight, SFP: Seed filling period, SFR: Seed filling
rate and YLD: Grain yield
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Table 4- The results of variance analysis of 65 bread wheat genotypes in the cropping season 2020-2021

MS ©las yo (rSSlo
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2oddcaw U 59y (S, U 39,

alo Hl g Al o Sloe  Aild ol p 0,90 Aid Al p e g

S.0vV df
DHE (day) DME (day) PLH (cm) TGW (gr) YLD (ton/ha)  SFP (day) SFR (mg/day)
S . . . .
1 0.07"* 10.70 34.36"° 1.84 12.54 0.07
Replication
(o0 grumai) S'oy
. 2.45"s 18.35™ 191.30™ 0.36"* 20.74™ 0.07"
Block (adjusted)
(o0l gasmas) (¥
. i 5.09" 5.40™ 29.14™ 3.88" 5.22" 0.02™
Line (adjusted)
olac!
60 1.16 261 14.43 0.36 2.9 0.01
Error

oy S w59 (58 Fe g o )8 iy s 58 (5l S (55l S pas sais LS S S

% * g
9 ¢

", “and ™" indicate non-significance, significance at the 5% level, and significance at the 1% level, respectively.
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Table 5- Grouping of bread wheat lines based on the SIIG index and the average of different morphophenological traits in each

group
50 oo —alins G
aie | bes E:r:]’g:r';’; . B S liey g, sy Al ,Sles Al sy 0)gd 4D by Cad s
Groups genotypes  DHE (day) DME (day) PLH(cm) TGW (gr) YLD (ton/ha) SFP (day) SFR (mg/day)
0.8<SIIG<09 1 1 111.00 150.00 100.00 46.00 7.09 39.00 117
0.7<SIIG<0.8 2 1 114.00 146.50 105.00 44.00 5.64 3250 135
0.6<SIIG<0.7 3 6 112.00 145.83 102.17 39.83 5.64 3383 118
0.5<SIIG<0.6 4 11 11177 146.64 100.27 36.24 5.58 34.86 1.04
04<SIIG<05 5 20 112.28 146.05 99.53 34.08 5.08 33.77 101
0.3<SIIG<04 6 26 113.09 146.71 101.37 29.52 453 33.62 0.88
Y olsz 4 1 116 146 100 335 464 33.00 112
Chamran 2
b e 4 1 112 146 98 35 534 3450 1.02
Mehregan
Sl 4 1 111 144 103 35 5.03 3250 1.07

Sarang
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Table 6- VValues of different morphonological traits and SI1G index in 65 bread wheat genotypes studied

ogsF Ay bl s il abols waiyislakolh b s, b,”) A SR o o ydles 2 0y90 prgerye
oY . - Sy 4l 4l i FHENORY)
_ Gro Ra SIIG N Jlow! e PLH Al (s
Line DME TGW YLD SFR
up nk SIG d- d+ DHE (day) (cm) SFP (day)
(day) (gr)  (ton/ha) (mg/day)
Y ol
Chamra 5 33 044 0.09 0.07 115.50 14550 99.50 33.50 4.64 30.00 112
n2
2 5 29 046 0.08 0.07 114.00 149.00 101.50 34.50 5.28 35.00 0.98
3 6 62 0.20 0.13 0.03 113.00 146.50 9450 26.00 4.28 33.50 0.77
4 5 35 042 0.09 0.06 114.00 14750 93,50 32.00 5.18 33.50 0.97
5 5 37 040 0.09 0.06 114.00 148.00 103.00 32.50 5.22 34.00 0.95
6 6 50 0.32 0.10 0.05 113.50 14550 107.50 31.00 4.47 32.00 0.97
7 6 63 0.19 0.13 0.03 114.50 148.00 97.00 26.00 4.34 33.50 0.77
8 4 18 052 0.07 0.08 114.00 148.00 103.00 34.50 5.85 34.00 1.01
9 5 36 041 0.09 0.06 114.50 148.00 91.00 34.00 4.34 33.50 1.02
10 6 65 0.11 0.14 0.02 115.00 146.50 103.50 25.00 3.73 31.50 0.78
11 4 10 056 0.07 0.08 111.00 145.00 96.50 36.50 5.59 34.00 1.07
12 3 8 060 0.06 0.09 113.00 146.50 93.00 35.50 6.28 33.50 1.06
13 6 41 0.39 0.09 0.06 110.50 147.00 109.50 32.50 5.24 36.50 0.90
14 6 45 0.37 0.10 0.06 110.50 145.00 105.50 33.00 457 34.50 0.97
15 6 44 0.38 0.10 0.06 112.50 148.00 99.50 29.00 5.79 35.50 0.81
16 4 12 055 0.07 0.08 110.50 144.00 98,50 36.00 5.59 33.50 1.07
17 5 39 040 0.09 0.06 110.50 14350 93,50 31.50 5.10 33.00 0.96
18 6 47 0.36 0.10 0.06 113.50 146.00 106.50 29.00 5.55 32.50 0.89
19 4 14 053 0.07 0.08 110.50 14450 106.50 36.00 5.54 34.00 1.08
20 6 60 0.24 0.13 0.04 113.50 149.50 103.00 25.50 4,93 36.00 0.71
21 5 22 048 0.08 0.07 112.50 14550 102.00 35.00 5.15 33.00 1.05
22 5 25 047 0.08 0.07 110.50 14450 101.00 36.50 4.68 34.00 1.06
23 6 51 031 0.11 0.05 114.00 148.00 99.00 31.00 4.46 34.00 0.90
24 5 27 046 0.08 0.07 114.00 146.00 99.50 34.00 5.02 32.00 1.07
25 3 4 064 0.06 0.10 111.00 147,50 106.00 41.50 5.69 36.50 112
26 5 38 040 0.09 0.06 109.00 145.00 97.00 33.50 4,93 36.00 0.92
27 6 43 0.39 0.09 0.06 111.33 145.00 99.00 32.00 4,98 33.67 0.95
28 1 1 086 0.02 0.14 111.00 150.00 100.00 46.00 7.09 39.00 1.17
OB e
Mehreh 5 20 049 0.08 0.07 111.50 146.00 97.50 35.00 5.34 34.50 1.02
gan
30 4 19 050 0.08 0.08 112.00 14750 100.50 36.50 5.21 35.50 1.02
31 6 42 0.39 0.09 0.06 114.50 148,50 98.00 33.00 473 34.00 0.97
32 5 28 046 0.08 0.07 111.67 145.00 107.67 34.67 5.19 33.33 1.04
33 4 9 058 0.06 0.09 112.00 147.00 93.00 36.50 5.84 35.00 1.05
34 4 13 054 0.07 0.08 111.00 14550 101.00 35.50 5.68 34.50 1.04
35 3 7 0.61 0.06 0.10 112.00 14550 113.00 41.50 5.14 33.50 1.24
36 2 2 073 0.05 0.12 114.00 146.50 105.00 44.00 5.64 32.50 1.35
37 4 11 056 0.07 0.09 111.50 147.00 104.00 38.00 5.38 35.50 1.09
38 5 31 045 0.08 0.07 112.00 14550 104.50 34.00 5.18 33.50 1.02
39 6 49 0.32 0.10 0.05 110.00 14450 103.00 32.00 4.40 34.50 0.93
40 6 40 040 0.09 0.06 114.00 145.00 104.50 33.00 455 31.00 1.06
41 5 30 046 0.08 0.07 110.00 146.50 106.50 35.50 5.15 36.50 0.97
42 6 57 0.25 0.11 0.04 114.50 148.50 104.50 29.00 451 34.00 0.85
43 6 46 0.36 0.10 0.06 112.00 147,50 100.50 32.50 4,78 35.50 0.91
44 6 48 0.35 0.10 0.05 115.00 14550 98.00 31.50 4.27 30.50 1.02
45 3 5 063 0.06 0.10 110.00 143.50 108.00 40.00 5.52 33.50 1.19
46 6 53 0.28 0.12 0.05 114.00 148.00 87.00 27.50 4,59 34.00 0.80
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Table 6- Continued

47 5 32 044 0.09 0.07 111.50 14750 90.00 34.00 5.04 36.00 0.95
48 4 16 053 0.07 0.08 112.00 14750 106.00 36.50 5.55 35.50 1.04
49 4 17 053 0.07 0.08 112.00 148.00 97.00 36.67 5.43 36.00 1.02
50 6 61 023 0.12 0.04 112.50 146.00 96.50 27.50 4.46 33.50 0.81
51 5 34 043 0.09 0.07 112.50 14750 101.00 32.00 5.63 35.00 0.92
52 6 55 025 0.12 0.04 111.00 146.00 101.50 30.50 3.84 35.00 0.87
53 3 6 063 0.06 0.10 112.00 148.00 102.50 39.00 6.03 36.00 1.07
54 6 52 029 0.11 0.04 111.00 143.00 106.00 30.50 4.23 32.00 0.95
55 6 58 024 0.12 0.04 115.50 146.00 110.50 29.00 4.23 30.50 0.93
56 5 26 047 0.08 0.07 112.50 148.00 102.00 34.50 5.49 35.50 0.96
57 6 56 025 0.11 0.04 111.00 145.00 100.00 29.50 4.19 34.00 0.87
58 6 64 013 0.14 0.02 115.50 148.50 103.50 23.50 432 33.00 0.71
59 4 15 053 0.07 0.08 113.00 149.00 97.00 36.00 5.69 36.00 1.00
60 3 3 068 0.06 0.12 114.00 144.00 90.50 41.50 5.20 30.00 1.39
61 6 59 024 0.12 0.04 115.00 150.00 104.50 30.00 3.96 35.00 0.86
62 6 54 027 0.11 0.04 113.00 14750 93.00 28.50 4.48 34.50 0.83
63 5 23 048 0.08 0.07 111.50 14450 103.50 36.00 4.77 33.00 1.09
64 5 21 049 0.08 0.07 113.00 14450 93.50 34.00 5.19 31.50 1.07
Sl
5 24 047 0.08 0.07 111.00 143.50 103.00 35.00 5.03 32.50 1.07
Sarang
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Table 7- Correlation coefficients between different morphophenological traits and SIIG index in cropping season 2020-2021
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Table 8- Differential selection of morpho-phenological traits of SI1G index in bread wheat lines
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Figure 2- Ranking pattern of selected lines based on the SIIG index (A) and the strength and weakness pattern of selected lines based
on the MGIDI index (B)

The first factor (grain yield, thousand-grain weight and grain filling rate) (red), FA2: the second factor (grain filling period) (green) and FA3:

the third factor (days to heading, days to maturity and plant height) (blue). The dotted line indicates the theoretical value if all factors play an
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