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Extended abstract

Introduction

Drought is one of the major limitation on food production worldwide (Hu et al., 2020), which is a
growing problem caused by an increasing world population. In wheat cultivation in the Mediterranean
climate, mainly the stages of flowering and grain filling are exposed with drought stress. Drought stress
reduces the yield of wheat in all growth stages, but its negative effect on grain yield is very severe in the
stages of flowering and grain filling. Terminal drought and moisture stress are the main factors of wheat
yield reduction under rainfed condition compared to irrigation conditions in Iran. Therefore, one
solution to increase the yield is the breeding under drought stress conditions. Due to the low heritability
of yield and the complex mechanisms of drought tolerance, little progress has been made in wheat grain
yield under drought conditions. Therefore, the grain yield of wheat should be improved indirectly
through improving the traits that greatly affect grain yield. Therefore, it seems necessary to identify the
quantity and quality of relationships between different traits and grain yield under rainfed conditions.
The use of multivariate statistical methods such as path analysis and canonical correlation analysis can
help to identify important and effective traits in determining seed yield. This research was carried out
with the aim of finding effective agronomical traits on yield and investigating the relationship between
these traits and physiological traits under rainfed conditions.

Materials and methods

In order to determine the effective trait on wheat grain yield under rainfed conditions and investigate
the relationship between agronomic and physiological traits, an experiment was conducted with 21 lines
along with Baran, Hashtroud and Sardari cultivars as control in the form of a randomized complete
blocks design in four replications during two years at Khodabande Rainfed Research Station. Plant
height (PLH), Day to Heading (DHE), Day to physiological maturity (DMA) at the same time as peduncle
yellowing, 1000 grain weight and yield after physiological maturity were measured. To determine the
variability between the studied genotypes, descriptive parameters and compound variance analysis were
performed based on the expected of mean square, the effects of year and replication was randomly
considered and the effect of genotype as a fixed effect using SAS (9.4) software. Simple correlation
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analysis, path analysis and canonical correlation analysis were used to determine the relationship
between traits and to determine effective traits.

Results and discussion

ANOVA showed significant difference between genotypes in terms of all studied traits. Simple
correlation analysis showed 19 significant correlation and other correlation were not significant. There
is a positive and significant correlation between grain yield and Photosynthesis rate, height and 1000-
grain weight, but the relationship between day to heading and grain yield was negative and significant.
Path analysis revealed that day-to-heading and day-to-maturity traits with -1.05 and 0.84 had the most
direct and negative direct effects on grain yield, respectively. Canonical correlation analysis also showed
a significant canonical correlation (r = 0.74) between the set of physiological traits and agronomic traits.
According to the results of this study, it was found that agronomic traits of day to heading, day to
maturity and height are effective in determining grain yield under dryland conditions.

Conclusion

The investigation of the relationship between traits also showed that selection for physiological traits
such as transpiration rate and lower stomatal conductance led to selection of genotypes with high height,
low day to heading and shorter growth period and finally higher yield under rainfed
conditions.Therefore, genotypes with shorter growth periods that can escape terminal-season stresses
and lose less water by closing stomata are suitable for high yields under rainfed conditions.
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Table 1. Used wheat genotypes in current study
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Table 2 Results of physical and chemical analysis for used soil
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Table 3. Compound variance analysis of morpho-physiological traits in studied wheat genotypes during 2 years

S.0v dd @b df A T SC Ci MC
Year (Y) Jw 1 11.06™ 60.04™ 0.017™  13685.63"  0.001™
Errorl Yslbs 6 3.62 3.54 0.004 12900.47 0.001
Genotype (G) e 23 42.16™ 20.03™ 0.008™ 9109.02"°  0.0004™
Y xG g J 23 1.84™ 1.02m 0.001™ 553.26"™ 0.0001"
Error2 Y s> 138 2.18 1.34 0.002 1409.69 0.0001
CV(%) Ol i g s - 20.81 20.84 23.75 21.13 29.11
Table 3. Continued alol.Y Jous
S.0V et b df DHE DMA PLH TGW Yield
Year (Y) Jw 1 115.63"  1989.19" 5797.01™  107.61" 23590052""
Errorl Yolbs 6 2.71 3.95 56.55 27.86 388021
Genotype (G) wigy 23 19.09™ 17.83™ 132.83" 71.33™ 215120™
Y xG g Jlw 23 8.84" 1.64™ 16.17™ 13.54™ 67052™
Error2 Y sl 138 5.53 1.20 21.31 10.60 57353
CV(%) Ol il o b - 4.50 6.01 5.88 9.00 12.24

)59:5 & 39, slass :DHE &35).0 colae :MC Wigy p) Co2 Lkl Ci 66‘4.;}5) culae :SC (B sy T Gawgid sy A
ails 5 ,Slas :Yield ails 5o 55 TCGW taig elis | PLH ¢ Sows, b 59, slows DMA caliiws
ns, * and **: non-significant, significant at 0.05 and 0.01 probability levels, respectively

A: Photosynthesis rate, T: Transpiration rate rate, Sc: Stomatal conductance, Ci: Intercellular CO2 concentration, MC:
Mesophyll conductance, DHE: Days to heading; DMA: Days to maturity; PLH: Plant height; TGW: 1000 grain weight;

Yield: Grain yield
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plo b al o Slee cole  Sar 05 winlys oy
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Table 4. Descriptive statistic of agronomical and physiological variable during two years of experiment

Ol gt g
(00 )0) (oo 5
. ) o _ Phenotypic
. o Pl SShe oy oxSbe coefficient of
Physiological traits Side i olee  Min Max Rang Mean  variation (%)
Photosynthesis rate ) TS S 21 112 9.1 7.09 37.41
(a6 )0 @y 2 CO2 Jso 9,50)
Transpiration rate rate o == 1.58 9.6 8.02 5.56 35.34
(a6 )0 @yeye » H2O Joo (o)
Slaijgy culo
Stomatal conductance ) 0.014 0.320 0.306 0.12 40.34
(@b )5 myesie 2 Jso (ko)
43. . CO w Al A
Intercellulgr CO2 395 23 CO2 cdalé 73 272 199 177.67 2902
concentration Use 5 Jso 3,50)
A . ‘“
Mesophyll conductance ) siedare 0.01 0.14 0.13 0.04 35.05
(46 )0 @yeye 2 CO2 Jso 9,50)
Agronomical traits <<y wlas
Days to heading 2oalcuw U 39, 146 157 11 149 1.40
Days to maturity Sowwy b 39y, 173 188 15 182 2.12
Plant height (osil) g glas,l - B0 100 50 79 12
1000 grain weight (p,5) alo Hl3» 39 22 46 24 36.17 12.15
Grain yield (LSa o o SslS) dild o Shos 700 3200 2500 1956.56 23.48

sl 5o (o3 b S lyiea bl Sl Gl o
S Sy U 59y puiiians H31.0,5 coliiul paiS Mol slo
2 Cho ol S g CIAF) sg cute ails o ,Sles
B 5 T ] o 5 i oty il Shae
m oo Ol gadge ol g (/) oaliw U 5y, olows
loassis Jy il 5 SVob ol 099 Job 4z ya a5 aas
aiply> ol (6 5YL o Slae auily aiils g5 poalaw
9 IV L sy a4 g wils Jl5a 59 9 el las o5
Slas wog ails o, Slas p S e I lylo < VY
ol e jo auli8l b as wes o lis code I 6lls

Sly code s el Slas o aal) Sy ol
sle lis mls (VS8 F Jguz) wl plosl als o Sles
ooy Co a4y bayye ails o Slos p puinns Sl o iy
O 0 @Vl (Scor &5 Canl (V]2 0) (poalins U 35,
Eao50 (|l (=210V) clls o Slos i dsllass g0 Slasw
S8les (59) 2 e jobd Cho (pl aS e e LIS
o Gobo §1 0T pektn e B i SIS o0 ]
(VYY) 090 (S, b 59,
U 39y ol azye wese LIS hte s ]
ol b S o oy ol o Slae il eS oalaw
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S ey vz S » Jsb (Khodadadi et al., 2011)
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S o) B 5 ploisine 5 Sode prditns 103,80 (418
Semnaninejad et al.,) ;Koo 5 oI5 sl lawss
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Table 5. Correlation matrix between studied traits based on two years data of experiment

A T SC Ci MC DHE DMA PLH TGW Yield
A 1
T 0.64** 1
SC  0.41** 0.51** 1
Ci 0.39** 0.13 0.16 1
MC  0.48** 0.35** 0.09  -0.56** 1
DHE 0.23 0.50** 0.26 -0.19 0.27* 1
DMA  0.17 0.48**  0.31* -0.17 0.17 0.87** 1
PLH -0.12  -0.57**  -0.24 0.22 -0.25  -0.50** -0.42** 1
TGW  -0.23 -0.03 -0.08 0.001 -0.18 -0.09 0.07 0.02 1
Yield  0.27* 0.17 -0.25 -0.18 -0.21  -0.51** -0.22  0.54**  0.34* 1

b gl ) Jlexal mghaw (o s e i g a4 g F

sl jsels b 59, olows :DHE _Légie colan (MC (slaizg, »; Co2 clale :Ci wglasse, colon SC (5,05 e yus T jiingid e o :A
ails o ,Slas :Yield cails jl50 55 TGW saigy glas | PLH ¢ Sous, b 59, olaxs DMA
* and **: non-significant, significant at 0.05 and 0.01 probability levels, respectively

A: Photosynthesis rate, T: Transpiration rate rate, Sc: Stomatal conductance, Ci: Intercellular CO2 concentration, MC:
Mesophyll conductance, DHE: Days to heading; DMA: Days to maturity; PLH: Plant height; TGW: 1000 grain weight; Yield:

Grainyield

9300 gdse aMS s S 5 Sy 0 Y 5 X i
Sslged Slao oy (@YL B3I aS 5,5 lye plei oo
Lo 5 (s 5l 01 0925 Gtalel o (85 Slao
oLhsa 5 s,k «(Alavi-Siney and Saba, 2014)
Oen 5 s,lae g pas o (Nazari et al., 2022)
4355 5l eoliwl LI5S o (Ghaffari et al., 2011)
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Table 6. Direct (diagonal values) and indirect (values
outside diagonal) effects of studied traits on wheat yield
Trait DHE DMA PLH TGW  Yield
DHE -105 073 -0.19 -0.02 -0.51**

DMA -091 084 -0.16 0.01 -0.22
PLH 053 -0.36 037 001 0.54*
TGw 011 0.06 001 0.17 0.34*
0 gl Jlein] gk 58l e o 45"
PLH ¢ Saw, b 59, slass DMA cals (g0 b 55, olows :DHE

ailo o,Slas :Yield cails 0 59 TCGW sasgy elas )|
DHE: Days to heading; DMA: Days to maturity; PLH:
Plant height; TGW: 1000 grain weight; Yield: Grainyield
s, * and **: non-significant, significant at 0.05 and 0.01
probability levels, respectively.

G 39, olaxi :DMA talcew j94b U jg, olaxi : DHE .U pusS o Sloc p axdllaod jo0 wilae code ay o ) JSCh
415 8 ySloc :Yield ailo I3 39 TGW taigs glis )l PLH ¢ Souw,

Fig. 1. Path analysis diagram of studied traits on bread wheat yield. DHE: Days to heading; DMA: Days
to maturity; PLH: Plant height; TGW: 1000 grain weight; Yield: Grain yield
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Table 7. Canonical correlation analysis between agronomical and physiological traits in bread wheat genotypes during

two years of experiment

S e S (Sinson awasuiio ady o (S0 o
Canonical Variable Canonical correlation Eigenvalue Proportion Cumulative proportion
0.74™ 1.22 82.15 82.15
2 0.38"™ 0.17 11.41 93.56
3 0.29" 0.09 6.31 99.87
4 0.04 ™ 0.002 0.13 100

)L>‘5m).«.c 9 N 0D Jl.o.;}lc.!a.w)o )‘OGLM w):n\ans PR

s *and **: non-significant, significant at 0.05 and 0.01 probability levels, respectively

olejl Jlw 93 (b 50 Jlo Sxe S (5la pite (sl oo yluilins! S9iS ul s A Jguz
Table 8. Standardized canonical coefficient for significant canonical variable during tow years of experiment

X-variable set X b o atws  V, Y-variable set Y b piio diws W,
Photosynthesis rate yowgid ce o 0.12  Days to heading ool G 39, -0.007
Transpiration rate rate G ey 1.06  Days to maturity Sy G 39y, 0.49
Stomatal conductance slajgycalas  0.03  Plant height agel,l -0.69
Intercellular CO2 concentration Slaiyey »3CO2 cdale -0.81 1000 grain weight ails I3 39 0.03
Mesophyll conductance g culan  -0.55

a4y s a4 axg L (Lorenceti et al., 2006
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Table 9. Correlations between the original variables and their canonical variables (Viand W1) and the

opposite canonical variables (ViW1 ¢ W1V1)

S99 58 Slio i V1 ViW1 =) ©lbe aiwd W1 W1V1
X-variable set Y-variable set
Faaghd sy 0.21 0.16 oot lisey g7~ o577
Photosynthesis rate Days to heading
G Sy 0.84% 062" ey U s 078" 058"
Transpiration rate rate Days to maturity
6'4-’)3) w‘M 043** 032* el&’)‘ _090** _067**
Stomatal conductance Plant height
&jgy »jCO2 cdale als 5158 o)
* 9
Intercellular CO2 -0.32 -0.24 I o 0.05 0.04
. 1000 grain weight
concentration
shidose colue 0.33" 0.25
Mesophyll conductance
by S 0.23 0.13 by s 0.50 0.27

Variance ratio

Variance ratio

Sogme e gV o0 izl malaw jo ls siee oS 5 4 NS g e e
") *and **: non-significant, significant at 0.05 and 0.01 probability levels, respectively
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