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The importance of agro-morphological traits in supplementary irrigation
conditions as selection criteria for spring wheat improvement
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ABSTRACT

This research was carried out to investigate the relationship between agronomic traits and yield using 132
spring wheat genotypes in alpha-lattice design with two replications at the Agricultural Research Station
of Gonbad-e-Kavos. Variance analysis showed that genotypes were significantly different for all traits.
The grain yield had very high correlation with the biomass, grain filling duration, seed filling rate, 1000-
seed weight, spike weight, Grain weight per spike, days to heading and days to maturity at 1% of
probability level. Grain yield was considered as a dependent trait. Biomass, 1000-grain weight and spike
length, number and weight were entered into the regression model, respectively. The results showed that
in breeding programs with the aim of increasing grain yield, selection should be based on biomass, 1000-
grain weight, number and weight of spikes and days to heading. The cluster analysis was performed using
the traits introduced into the regression model and traits with high correlation with the performance.
Results of cluster analysis showed that genotypes 10, 12, 16, 20, 22, 25, 31, 38, 53, 54, 67, 70, 72, 87, 96,
97, 98, 112 and 123 were in group 4. Genotypes in group 4 were superior to other groups in terms of
grain yield, 1000-grain weight, spike weight, grain weight per spike, days to heading and seed filling rate.
It is suggested that the genotypes in group 4 should be tested in several years and locations and the best
genotype(s) should be introduced.

Keywords: Clustering indirect selection, path analysis, stepwise regression, wheat.
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Table 1. Name and pedigree of the genotypes used in this experiment.

pedigree genotype code pedigree genotype C(;d

Gonbad 67 Niknedjad 1

CHIBA//PRLII/CM65531/3/SKAUZ/BAV92*2/4/... 6051 68 KA/NAC//TRCH/4/TC8703834/GUI//TEMPORALERA M 6070 2
N-80-19 69 Hirmand 3

FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP#1/3/KAUZ*2/T
MELON//FILIN/MILAN/3/FILIN/6/YAR/... 6131 70 RAP/KAUZ/5/ 6109 4
Baharan 71 Maroun 5
ROLF07/YANAC//TACUPETO
ATTILA/3*BCN//BAV92/3/TILHI/5/BAV92/3/PRL/... 6201 72 F2001/BRAMBLING*2/5/. . 6203 6
Sepahan 73 Arta 7
WAXWING*2/KRONSTAD

KINGBIRD #1 6003 74 F2004/3/TRCH/SRTU//KACHU 6165 8

Sivand 75 Moghan3 9

PBW343*2/KUKUNA//PBW343*2/KUKUNA/6/WBLL1%*2/... 6124 76 PBW343*2/KUKUNA//JUCHI/3/ATTILA*2/PBW65//... 6250 10
parsi 77 Gahar 11

OTUS//PRL/2*PASTOR/S5/SERI.1B//KAUZ/HEVO/3/... 6169 78 ATTILA*2/PBW65/5/PRL/2*PASTOR/4/CHOIX/STAR/.... 6031 12
Shiraz 79 Golestan 13

NS-732/HER/3/PRL/SARA//TSI/VEE#5/4/FRET2/5/... 6071 80 SHA7//PRL/VEE#6/3/FASAN/4/HAAS8446/2*FASAN/... 6097 14
Tiger 81 Inia 15

Azadi 82 PASTOR/KAUZ/6/CNDO/R143//ENTE/MEXI_2/3/... 6055 16

INQALAB 91*2/KUKUNA//PFAU/WEAVER/3/... 6171 83 Naz 17
Marvdasht 84 CROC_1/AE.SQUARROSA (205)/BORL95/3/PRL/... 6152 18

MON/IMU//ALD/PVN/3/BORL95/4/OASIS/2*BORLYS/... 6075 85 Zagrous 19
Karajl 86 MUNAL #1/3/TRCH/SRTU/KACHU 6158 20

MUTUS*2/HARIL #1 6004 87 Kouhdasht 21

Karaj2 88 BABAX/LR42//BABAX*2/3/PAVON 7S3, +LR47/4/... 6153 22

MUNAL #1/11/CROC_1/AE.SQUARROSA (213)/PGO/... 6089 89 Line 17 23
Karaj3 90 DANPHE/3/ROLFO7/Y ANAC//TACUPETO F2001/... 6112 24

NG8201/KAUZ/4/SHA7//PRL/VEE#6/3/FASAN/5/... 6113 91 Line A 25
Ns 92 BAJ #1/7/WAXWING/6/PVN//CAR422/ANA/5/BOW/... 6161 26

KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/SAUAL/S/... 6179 93 Dez 27
Bahar 94 Albourz 28

CHWINK/3/ROLF07/Y ANAC//TACUPETO F2001/... 6114 95 PAURAQUE#1/3/pbw343*2/kukuna//pbw343*2/... 6046 29
Chamran 96 Karim 30

BABAX/LR42//BABAX/3/ER2000/11/CROC_1/... 6237 97 MELON//FILIN/MILAN/3/FILIN/4/TRCH/SRTU//... 6216 31
Sirvan 98 Rasoul 32

PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA 6016 99 WAXWING*2/KRONSTAD 6210 33

(TAUS)/... F2004*2/8/NG8201/KAUZ/4/...

Mahdavi 100 Khazarl 34

CHONTE/KINGBIRD #1/5/WBLL1*2/VIVITSI/4/... 6149 101 DANPHE/3/PBW343*2/KUKUNA//PBW343*2/KUKUNA 6122 35
Darab2 102 Roshan 36

WAXWING/7/TNMU/6/CEP80111/CEP81165/5/1AC5/4/... 6172 103 QUAIU #1/3/PBW343*2/KUKUNA//PBW343*2/KUKUNA 6127 37
Chamran2 104 Aftab 38

PICAFLOR #1/5/FRET2/KUKUNA//FRET2/3/YANAC/4/... 6115 105 PASTOR//HXL7573/2*BAU/3/SOKOLL/WBLL1/4/... 6156 39
Neishabour 106 Ghabous 40

SUP152/3/INQLAB 91*2/TURKURU/WHEAR 6164 107 PASTOR/HEILO//HEILO/3/2*PICAFLOR#2 6041 41
UR-92-13 108 Darya 42

Sistan 109 GRACKLE#1/4/SOKOLL/3/PASTOR//HXL7573/2*BAU 6088 43

QUAIU//KIRITATI/2*TRCH 6234 110 Pishtaz 44

Ofogh 111 ROLF07/Y ANAC//TACUPETO F2001/BRAMBLING/6/... 6182 45

ELVIRA/5/CNDO/R143//ENTE/MEXI175/3/AE.SQ/4/... 6038 112 Bam 46
Arg 113 KS82W418/SPN/3/CHEN/AE.SQ//2*OPATA/4/FRET2/... 6230 47

MILAN/KAUZ//PRINIA/3/BAV92/4/BAVIS 6077 114 Kavir 48

Narin 115 YUNMALI 48/4/2*SERI.1B*2/3/KAUZ*2/BOW//KAUZ/... 6107 49

FRNCLN*2/BECARD 6047 116 ghods 50

Natasha 117 MERCATO/4/FRAME//MILAN/KAUZ/3/PASTOR/5/ ... 6235 51

TRCH/SRTU//KACHU/3/KINGBIRD #1 6105 118 shoush 52
Hamoun 119 SERI.1B*2/3/KAUZ*2/BOW//KAUZ/5/CNO79//.... 6150 53

* *

ATTILA/3*BCN/3/CROC_1/AE.SQUARROSA (224)//... 6052 120 BECARD/4/PBW343*2/KUKUNA//PARUS/3/PBW343%2/ 6168 54
Aflak 121 Falat 55

KACHU/3/WHEAR//2*PRL/2*PASTOR 6159 122 FRANCOLIN #1/8/PBW343*2/KUKUNA/6/PVN//... 6162 56
Mehregan 123 Atrak 57

PFAU/SERI.1B//AMAD/3/INQALAB 91*2/KUKUNA/4/... 6107 124 KIRITATI/2*WBLLI1/5/FRET2/KUKUNA//FRET2/3/... 6202 58
Moghan2 125 Pastour 59

PBW343 6001 126 TRCH/5/BAV92//IRENA/KAUZ/3/HUITES/4/DOLL/6/... 6208 60

Line7 127 Shiroudi 61

UR-92-15 128 PANDORA/PRL 6026 62

Linel6 129 Tajan 63

CACUKE #1 6002 130 WBLL1*2/BRAMBLING//SAAR/2*WAXWING/4/... 6050 64

AR-92 131 Mourvarid 65

UR-92-18 132 NELOKI//KIRITATI/2*TRCH 6011 66
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Table 2. Variance analysis of morphological traits of genotypes studied in randomized complete block design.

Mean of squares

Seed Spike Spike Thousand  Flag Leaf  Flag Leaf Flag Seed Grain Davs to Davs to Plant Number Harvest
S.0.V Df  Weight P h lp h Kernel Drought Specific Leaf Filling Filling yS ! yd' ioh of dv Yield Biomass
/Spike weight engt Weight Weight Area Area Rate Duration Maturity  Heading  Height Spikes Index
Block 1 3.04™ 0.1m™ 0.01" 13.6™ 0.011™ 29382.3" 167.4" 1 0.5" 0.2 1.4 220.0° 20300 0.00™ 825.3 ™ 6442.2"
Genotype 131 0.23" 03" 1.75" 52.7" 0.002" 419.6™ 69.2" 19.0™ 17.8™ 6.1 34.8™ 124.4™ 991.3" 0.01™ 26075 136550.6™
Error 131 0.12 0.1 0.23 3.7 0.001 264.8 26.7 23 10.5 1.3 8.1 35.7 564.2 0.005 2428.3 88611.1
(0% 20.94 17.9 4.26 7.1 16.5 8.8 14.3 17.2 8.8 0.8 2.7 5.6 20 20.03 13.6 20.8

D)3 G g il mhaw jo o pme g o pre mé ol Ay FE o * s
ns, * and **: non significant and significant at 5% and 1% of probability levels, respectively.

.o)l.e). r:.\j 6mey) ) Slaw M/" " u.:‘fo -y Js..\>
Table 3. Correlation coefficients of traits in spring wheat genotypes.
o)l pS st o Dlho (Kiwres cal o - oo
Table 3. Correlation coefficients of traits in spring wheat genotypes.
Traits B Y HI NS PH DH DM GFD SFR FLA FLSA FLDW TKW SL SW
Biomass(B) 1
Yield(Y) 0.71™ 1

Harvest Index(HI) 0.14" 0.78" 1
Number of Spikes(NS) 0.2" 037" 035" 1

Plant Height(PH) 0.03™  -0.15™ -0.26" -0.28"" 1
Days to Heading(DH) -0.317  -0.59"  -0.54™ -0.40"  0.19° 1
Days to Maturity(DM) -0.31"  -0.57"  -0.50" -0.35"  0.09™  0.79" 1

Grain Filling Duration(GFD) 025" 048" 046" 036" -021" -093" -0.52" 1
Seed Filling Rate(SFR) 0.74™  0.87" 055" 031" -0.07™ -046" -0.53" 034" 1
Flag Leaf Area(FLA) -0.16"™ -038" -0.36" -042" 026" 0.52" 049" -044" 031" 1
Flag Leaf Specific Area(FLSA) -0.08  0.02™ 0.12™ 0.15™ -0.29" -0.22" -0.23" 0.17" 0.00"  -0.23" 1
Flag Leaf Drought Weight(FLDW) ~ -0.12"  -0.33" -0.35"" -0.40" 0.33™ 053" 0517 -044" -0.28" 0.94" -0.55™ 1
Thousand Kernel Weight(TKW) 049"  0.66™  0.50™ 023" -0.05™ -0.65" -0.63" 054" 0.63™ -031" 0.05™ -0.28" 1
Spike length(SL) -0.03  -0.26" -0.33" -031" 027" 0277 0227 -025" -0.18 058" -0.26" 0.58" -0.11™ 1
Spike Weight(SW) 035"  043™ 030" 0.07™ 0.00™ -0.29" -0.36"  0.19" 046"  0.05™  -0.07™ 0.06" 0.60™  0.33" 1
Seed Weight /Spike(SWS) 027" 043" 036" 0.19"  -0.02™ -039" -045" 028" 043" -0.11™ 0.02" -0.11m™ 0.55™ 0.11™  0.81™

Aoy Ko gy Jlis ] mhaw )0l pixe g s pixe e oS Ay FF g F s
ns, * and **: non significant and significant at 5% and 1% of probability levels, respectively.
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Table 4. Fitting the best multiple linear regression model with stepwise method, considering grain yield as
dependent trait and other traits as independent variables.

Stepl Step2
error  regression  error regression
df 1 130 2 129
MS 6511  330468.4 4857 745413.4
Traits Biomass (gr) Th%l/lZ?gn}i Ié;gnel
F 81.9™ 184.8™
Adjusted R? 50.1 62.7
Standarfilzed 0491 0265
coefficients
tolerance 0.732 0.368
VIF 1.367 2.716

Step3 Step4 Step5

error regression error regression error regression

3 128 127 4 126 5

4364 58585.5 4186 236349 4033  41569.3
Spike length (cm)  Number of Spikes  Spike Weight (gr)

14.5™ 5.8 10.3™
66.5 67.9 69.1

-0.230 0.128 0.169
0.512 0.731 0.219
1.952 1.368 4.572

**: significant at the 1% of probability level; Intercept: 65.952.
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Table 5. Coefficient of direct and indirect effects of traits on grain yield.

traits Biomass Thousand kernel Spike Number of Spike Correlation
weight length Spikes Weight
Biomass (gr) 0.491 0.130 0.007 0.026 0.059 0.71
Thousand kernel weight 0.240 0.265 0.025 0.029 0.101 0.66
(gr)
Spike length (cm) -0.015 -0.029 -0.230 - 0.040 0.056 -0.26
Number of Spikes 0.098 0.061 0.071 0.128 0.012 0.37
Spike Weight (gr) 0.172 0.159 0.076- 0.009 0.169 0.43

Direct effects have been underlined.
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Figure 1. The relationship between dendrogram cutting at different locations and the within-class
variance.
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Table 6. Variance analysis of groups in a completely randomized design.

MS
. Thousand Seed Weight Spike Seed Grain Filling Days to
SOV df Yield Kernel Weight /Spike Weight Filling Rate Duration heading
Class 4 401108.3** 426.1%* 0.939%* 0.987** 226.1%* 67.9%* 187.6%*
Error 127 815.1 14.2 0.083 0.098 1.4 7.06 12.04

**: significant at the 1% of probability level. o0 S sl maw jo le g e

S dils fyge w59 @iy e y5e dils yald aslio SOl 903l 5l eoliiwl b leog,S nuSSles
plo 5l 55550 Sl als ol Ce g g alaw ol lid b, Silhe aslin mls (Y Jou) ad
(V J5"\>) cublo Lbosjf » 0,99 J}b GQJS-LA.C Olas )Jd.’ )‘ )LP 09; aS

oS yg03] ) esliiuwl b s 09,5 1uSilie aolio -V Jgox
Table 7. Mean comparison of groups using Duncan test.

Traits Classl Class2  Class3 Class4 Class5

Yield (¢/m2) 32Cl.1 4134 2113.6 523.2 11a8.2

Grain filling duration (day) 37.345 37(.:(1117 35.];117 38.g11 32a.5
Thousand kernel weight (g) 28501 29.585 2().:87 29.:)547 182.155
Spike weight (g) 1.]9315 1.]9371 1.5aS3 1.]9356 1.4;54

Seed weight per spike (g) 1.131 1.;&3 0.9aS7 1.?392 1.(;37
Seed filling rate (g/m2/day) 8'154 10&51 5'?)40 13';49 3'3:5

105.894 105.12 108.944 103.158 113.063

Days to heading (day) b b . a d




6yl s s oSS o)l Lyl s S5lsh peg S lio Coanl i San 5 sl

Dissimilarity

300

250 +

200 +

Jury
w
o

100 +

50 +

Dendrogram

Al s Slae b lag o Slaw a5 5l lacus sy pl S 000 -V S
Figure 2. Dendrogram of genotypes based on grain yield related traits.

Y



¥o VWA i oF 5,Lad D) 890 o)l nl ely; LS asle

‘05; U”‘ B asusls LS)"‘“‘"" FHE) L)Mf 0,99
‘&\“ ‘VA ‘\”\ ‘Y& ‘YY ‘Y‘ ‘\? c\Y ‘\ M 6L®wy)
SLBAYY o VY QA AY A8 AY VY Ve £V oF

(F USS g A Jgaz) wi,§

‘Gcaod.l.»,~ b)g)m)b)‘um)LP 05;
9 ol 6)-'—05 ks(boé\.l.....w i )5) ‘09)5 u_,‘ o (9]5
Jsb (nlplo g axd) alsw 4 laog 5 ples 5l S e

SIS 525 5 oolanal b laquisdy (sos 05,5 -A Jgur

Table 8. Grouping of genotypes using cluster analysis.

Class

Genotype code

1 1,3,7,8, 15,17, 21, 27, 30, 35, 42, 45, 52, 55, 56, 63, 69, 77, 81, 101, 103, 105, 107, 111, 114, 116, 117, 118, 120, 121,

124, 131 and 132

2 2,4,6,9,11, 14, 18, 19, 23, 24, 26, 28, 29, 32, 33, 37, 39, 40, 41, 43, 44, 47, 49, 51, 58, 59, 60, 61, 62, 64, 65, 66, 68, 71,
76,78, 80, 83, 85, 89,91, 93, 95, 99, 104, 106, 108, 110, 122, 126, 127, 128, 129 and 130

S W

5 46, 48, 50, 79, 86, 88, 90 and 113

5,13, 34,36,57,73,74,75, 82, 84,92, 94, 100, 102, 109, 115, 119 and 125
10, 12, 16, 20, 22, 25, 31, 38, 53, 54, 67, 70, 72, 87, 96, 97, 98, 112 and 123
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Table 9. Ranking of 4th group genotypes for the studied traits.
genotype  Y(g/m?) GFD(day) TKW(g) SW(day) SWS(day) DH(day) SFR(g/m%day)

10 117 11 51 52 87 120 119
12 132 81 93 120 63 50 132
16 122 81 118 86 75 22 126
20 123 111 112 128 126 7 124
22 129 132 132 89 64 1 119
25 100 72 104 111 51 53 117
31 131 81 111 131 105 45 131
38 130 81 56 62 94 22 130
53 123 57 49 14 35 63 116
54 108 2 128 37 100 127 118
67 129 94 86 114 107 20 115
70 125 120 83 43 28 11 125
72 127 90 43 45 73 16 127
87 118 70 24 27 53 71 114
96 128 71 94 112 96 50 128
97 125 63 119 63 58 57 101
98 121 71 45 102 85 50 104
112 124 125 106 11 6 7 121
123 120 56 68 99 110 70 103

50 I P AVTY )0 addllae 350 Slao gl 1y (goas jlade op il ) (02555 b slocadss

The highest-ranking genotypes have the highest numerical value for the traits studied in 132 genotypes.
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