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Abstract

Introduction: Drought is one of the most important limiting factors for wheat production in the world
and it affects the plant from different aspects. Drought stress causes many physiological changes,
including changes in relative water content, vegetation index and photosynthetic efficiency of wheat,
which ultimately causes a significant reduction in plant growth parameters and grain yield. Basically,
the response of plants to drought stress is complex; because it is a combination of the effect of stress,
plant reactions to stress, time, intensity, and duration of stress occurrence in different years and places,
and therefore the amount of damage also varies greatly depending on the growth stage of the plant at
the time of stress occurrence. The most damage caused by drought stress in Iran is in the stage of
wheat grain filling. Durum wheat (Triticum durum, Desf) is an important food product with heavy
gluten and non-sticky dough, ideal for making pasta and spaghetti.

Materials and Methods: In order to investigate the relationship between physiological characteristics
and grain yield in durum wheat cultivars under rainfed conditions, 10 durum wheat genotypes were
studied in the form of a randomized complete block design with 3 replications during the cropping
years of 2017 - 2018 and 2018 - 2019, in Kohdasht city of Lorestan province was evaluated. Seed
yield traits and physiological characteristics of photosynthetic pigments, vegetation index, relative
water content, leaf protein and light use efficiency were investigated.

Results and Discussion: The phenotypic correlation of the traits showed that all the physiological
traits had a positive relationship with the yield, and among the eight investigated traits, the relationship
between the chlorophyll a, total chlorophyll and vegetation index with grain yield was significant at
the 5% level, but the other five traits had a non-significant relationship. Based on Principle
components analysis for traits among genotypes, two components were extracted that explained 83.2%
of the variance. According to the distribution diagram of traits based on two components, it was
observed that vegetation index and relative leaf water content had the most relationship with seed
yield. According to the path analysis, it was observed that the two traits of light use efficiency and
total chlorophyll had the highest positive effect on grain yield with direct effects of 1.392 and 0.772,
respectively, and leaf protein and chlorophyll b with the effects of direct -0.646 and -0.884 had the
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most negative effect on grain yield. On the other hand, it was observed that chlorophyll-a and
carotenoids had a positive indirect effect on yield through the two traits of total chlorophyll and light
use efficiency, and relative leaf water content and vegetation index also had a positive indirect effect
on grain yield through light use efficiency. And finally, all traits except the vegetation index had a
negative indirect effect on yield through chlorophyli-b.

Conclusion: In general, it can be stated that all the physiological characteristics investigated under
rainfed conditions were directly or indirectly effective on the yield of durum wheat, and among these
traits, total chlorophyll and light use efficiency directly had the most positive effect on the seed yield.
Photosynthetic pigments also increased seed yield through total chlorophyll and light use efficiency.
The vegetation index, leaf protein and relative water content of leaves also increased the seed yield by
increasing the efficiency of light use. All the traits, except the vegetation index, increased the yield
through a negative indirect effect on chlorophyll b. Based on this, it is recommended that in breeding
programs, in order to improve yield under dryland conditions, selection be made based on two
characteristics: total chlorophyll and light use efficiency to increase yield.
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Table 1- The list of studied durum wheat genotypes
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Table 2- Soil characteristics of the research field at a depth of 0 to 60 cm, average monthly rainfall and temperature during two crop years

- R
o2l ol o J5 o9 r Gi B enly i B Al Splcelie S dhsl  Caogas
Organic . .
Iron (ppm Total N (% Available K (ppm) Available P(ppm Ecx10° H Character
(ppm) carbon(%6) (%) (ppm) (ppm) p
238 117 0.16 230 538 128 7.85 ©
Value
o o o) 29 e $9) Coogas
. . Manganese
Sand (%) Silt (%0) Clay (%) Boron (ppm) Copper (ppm) Zinc (ppm) (opm) Character
35 38 27 06 050 0.73 65 ©
Value
29 e . .. . » - - )
Sloge i Moy Cllmmd)l oy Wil ey $° 5! o e =hy Jw
Septem
l?er August  July June May April  March February January December November October Crop year
mm) sk
0.0 0.0 00 71 181.7 57.8 53.8 68.2 34.6 56.2 7.7 Rainfall \Fas_1ray
©C) > 2017-2018
26.1 291 289 237 16.5 145 84 38 6.5 6.3 14.6 18.8
Temperature
mm) sk
0.0 0.0 00 0.0 2.1 2835 63.6 103.2 82.1 109.1 135.6 12.3 Rainall NTVRYTIN
OOk 2018-2019
26.3 296 286 247 16.4 116 7.0 6.2 59 8.6 132 20.6
Temperature

09 oeiigy Jsse dr gaal Byxe 50 35250 G250 oL,
gl ojlas yids See Ve o0ty cdale (6 S oIl sl
Felkes w5 35, El Al Bl s e A ol o0
A 03 pidy 4iBS 9 g 03938l ] 4y o3l gb wSlegS B yae
B30 zse Jsb ;o ol )58 iz Bl caids iy 5l
Slsreds zlhzeal 8L 5l g o ol,B 15V olliws lawgs egil
@ dxgi b diges 10 Jolowe (i cdale ol oolaiul vals
5 ol G 4 0wl ol eslaiwl b g diges i
085 e Joloe (29 5 (S5ione
009y 5l easels) S g Judg kS g5t (s pTosludl sl
A5 eolaxul (Lichtenthaler and Wellburn, 1983)
Bl G Gliee 325,85 Brean S (55T 0jll jslaieay
S o> 4 eme (SF-80T Jaw) zw il olKws alwgas

Al (6 S ol (Ko e e ll alls o g 5l e
Sl SO1E g 0a B gy Ve )5 o 5 jelate (il (6
plxil o Jsl j0 oz gy Sy alaii 4w 5l (Spad-502 )
gad a S Slee &S ja 5l easlec o slael 5l.eé S
4S5 s &S o el Lol soe
g )5+ 10 Il (g s pToslal sl (e
Fedishee 39 o a2 33 SlS e a5 5 S
Ole g3 50 g adlol T 4 G0 IS sl e 5 30 Jgloa
aly) 53 Jol> bylia slojle a2 oyifsen SlS o
a885 10 190 YW e e Cop o b adBo VO Do 4y g B9l
S8 ez @YU SB O3l G 5 ilolar i il lansgs
(Reddy et al., 2004) o lo> Jolowo gy (Sgiome

by S legS S5 JLaas! (nutig p (6 S olasl by, (sl



¥o o yuitio Wiz (550l (sohg ) 51 ooliiul b med byl s comi 3 Sl 2 0990 puiS K3 5glgr b Sloguas il a0

Sl Dz paF Sjge yo i baddy, S0 T
3,30, Ll .(Rahmati et al., 2018; Asadi et al., 2020)

O 53 5l 5 i lame 4 T 253U D s lS
PS5 sl i Ll b o el e cnl o il
J39AS Oliee 5 a5 8 L3551 (e o Cenl 00l 158
Sy (6 S A o (Amiri et al., 2013) s ls ial58l b

bl eagay ol 5l 0L Canl (S ju Bados ol odwl

a8 0 als o alaly 8 Shas b Syjels b Slwgas
«a J.ﬁs/JS;M dw 6&.‘44‘) =y 0,90 Clo Sl O
s g 5 s 3Shas b (Sivjes a3l 5 JS by IS
sl lo gae abaly (Ko G g Lol g o e aus o
ol w Ls ‘a..\j alo Q)S.LA.: Gi._.wb )y (F Jj..\>)
Sy 4 6099 b Wilgh so e e Oiglase Loyl iy alises
Afiuni and ) wule oS o Shee b oli o oy dals,
s L3 )| 45T Sy5e0 58 Clio L plgiee | &l
SrSoslail 5 lwl g a9 3500 ails o Shas b Jude g
a5 b sl (Najafi et al., 2022) ols zol58l iy o
S sre g ot (Ko 1 o)l pauS o Gaiod (ol
oS el 00l la 5 00l (3,15 ails o Slas b s IS o 5ee
e 2018 40l 53 5 (25 Ll 5o b IS liee (alS
Naghavi et al., ) 55 oo ails o ,Slee 2olS o jiiisgud
LLs)l o0 Slae b olS Ko Gliee oplpls «(2016
PR ] I L SSUEIRR VL PSP L S S USRI =01 S LN
o0 k5 4 (Feiziasl et al., 2019) o5 o Sugb,
o5 b ablie sl )5l plgreds wdeilg IS Gliee 2alS
o olidss ol (Sadegzadeh et al., 2014) ool o
Ol o gmn g (e (Sicon aS olo i allSC, 5
Saed-) cols 892y i bl by 0 Shee L auSeis IS
Py pasS o Ko B ,b 5l LI (Moucheshi et al., 2019
20 99595, (e SralS o (S a5 a5 ol 3158
Pour-Aboughadareh et al., ) 54— & o ails o Slae anlsl

2 - Light Extinction Coefficient

G o 13 LS sl by 5 Vb 8 (55
Slafer and ) oo 5 ,.5ojlodl alls o 0y g o &
o (Fischer, 2001) ' il wdo dus ;8 e (SaVIN, 1994
al=e (Ezzat Ahmadi et al., 2012)7 )5 g0l oy
A

(Koo Jalt ool 5T o 5 40528 Salgd 5o
boole 4o g (Lol sloadlie @ aypo (lio (oigid
2 bl Path2 ¢ Minitab 16 .SPSS 18 sla,l58ls 53

eyl slil 3490

5 S5 olaly szl 0yl s ells i b
O30 Loy m )3 a5 (1 Jgaz) olo ol (o
ples sl (S5 sl o 9 SuBIS 929 o gre VS
obe OlFee rlplis 09 (dasmme (uilily 5l it )l
Sl gme B gl Glaw sl boaisss fw jo a5 cils
Gl «oils 0529 w0 Layl iy Fglase S5y il
ples lr p9)99 pouS sy YO G )3 (65 4o
Aol g a5 o g gai wilo o Sles s3> 4 Olas
Sy s )50 oY o Ll b o a5 b (6
(Alvandi et al., 2015) wisls Sglace

Sl 598 by 5l (S5 Glly e 09 YL
Jenily 56 S0l locadon G )3 (o) 2 990 Slio ST
2l G Ll 5o Slas 6l gt gl (S
alo 0,Slos Co o a5 Sl oacd (5,158 bl yen
@l (55 s s Sl e o Slio iy
uLA.ouJ/ang)M)uL:sWowouLmem
(Bavandpouri, 2022) ¢l (25 bl pi 5o
Mgid\ﬁﬁb}ma&_‘ajo‘ﬂﬂdf;_&ﬁbﬁ;u
S35 1) sy oo S (ol S Az (ol S

o pizmen g adls 8,See p base 5L (gaiie) 40 Suie

L Intercepted Radiation



pdo (5,35 g (o)

4

potde 4 oo Ll B Co (ufign OlS g 09t e Jold
cl bl el s S el slaccdlad laas
Slgima Lo 0l WLy (Siosemardeh et al., 2013)
sl (5 5imgid g Sk olS 50 @ llyd o i
Rahmati and Nakhzari Moghadam, ) el Lyl o ol yo
Gillae 095 o0 0,Slas jalS 5l (6,5 6l 4 i a5 (2024
S o O JoSre i St alaly Goiod onl S L
el oo (3155 6 pasd yo s bl b 00 Slee g

(Bavandpouri, 2022)

o opl pedle gy Gaios cpl il b @il 45 (2020
G5 b agzlge 10 ol guially Wi oo S p (e Cogh,
«Baghbankhalilabad et al., 2019) sas Lai 1, Sas
L glae J 2 0 08 woles o Slae jialS 5l (6,055l
o ] Slgize o Ciie alally Sgmg Baiind ol il
00— u*’)bfu*“-"]““)—“u’“r’*jﬁ aloo,Slee L Sy

(Bavandpouri, 2022) c..l

5 1) sl LS 5 aled S Jobre (g Slgione

w20 Ll pls 33 0993 S oy 350 Slao (wils,lg 132l 3591 2 g il slg 4325 - ¥ Jgam

Table 3- Variance analysis and estimation of variance components of durum wheat traits of under raninfed conditions
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Table 4- Phenotypic correlation coefficient of investigated traits by Pearson's method
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Figure 1- Traits scater plat for the first two components resulting from principal component analysis of the investigated traits in 10
durum wheat genotypes
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Table 5- Direct (humbers on diameter), indirect and total effects of physiological traits on durum wheat seed yield
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Figure 2- Path analysis diagram of effective physiologic triats on seed yield of durum wheat
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