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Extended Abstract

Background: As one of the most important cereals, bread wheat is an essential part of food
security in the world, which supplies one-fifth of the total calories of the world population.
Nowadays, the yield of wheat has been affected by climate change-driven drought as one of the
most important abiotic stresses that has become an important threat to food security in the
world. Root and stomatal traits are especially important in breeding plants to withstand drought
stress. Stomata play a key role in controlling carbon dioxide uptake and water loss through
transpiration. Therefore, stomatal characteristics are used as indicators of water status and plant
growth, especially in drought stress conditions. Having a wide range of physiological and
morphological characteristics, roots play an essential role in absorbing water and nutrients.
They are also the first organ that sends signals to control the stomata in response to dryness.
Therefore, the difference in the structure of the root system can cause the difference between the
performance in different cultivars. This study was conducted to investigate stomatal
characteristics and their relationship with the root system and plant performance in 24 bread
wheat lines and cultivars.

Methods: To investigate the relationship between stomatal dimensions and density with the
root system, an experiment was conducted on 24 bread wheat genotypes in the form of a
randomized complete block design with three replications in the rainfed conditions of the
research farm at Zanjan University Faculty of Agriculture in the crop year 2018-2019. In this
experiment, PVC pipes were used to study the root system. Twelve seeds were planted in each
tube, which were thinned to seven after germination. In each experimental unit, there were two
tubes for each genotype, one of which was used to evaluate traits and final yield, and the second
tube was used for root studies. Stomatal traits, including the length and width of stomata and
number of stomata per unit area, root traits including root length, root diameter, root volume,
root surface, and root biomass, and seed yield were measured in the end. The resulting data
from the measured traits were analyzed in the form of a randomized complete block design, and
the averages were compared using the LSD method. The data were analyzed using multivariate
statistical analyses, including regression analysis, path analysis, and factor analysis, and cluster
analysis was used to group genotypes. Statistical calculations were done using SAS 9.0 and
SPSS 21 software.

Results: The results of analysis of variance and mean comparison showed high variability
among genotypes for all measured traits. The results of the mean comparison of genotypes
showed that genotypes 2, 5, 8, and 16 had the highest yield, and genotype 23 had the lowest
yield among the examined genotypes. The highest number of stomata on the upper and lower
leaf surfaces belonged to genotypes 5 and 2. In terms of root traits, the highest diameter,
volume, length, root surface, and root dry weight at a depth of 0-25 cm were recorded for
genotypes 2, 3, 18, and 5, respectively. There was a high and significant correlation between the
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yield and the number of stomata on the upper and lower leaf surfaces, the length and width of
the stomata on the upper leaf surface, diameter, volume, dry weight, and root surface at a depth
of 0-25 cm in the soil. Based on the results of stepwise regression analysis, two variables, the
number of stomata on the lower leaf surface and root dry weight at a depth of more than 25 cm
explained 91.4% of the changes in grain yield. According to the results of the causality analysis
of the number of stomata on the lower leaf surface, the most direct effect had a positive effect
on seed yield. The results of factor analysis grouped the studied traits into three factors with
82.48% variability justification. The shares of the first, second, and third factors to explaining
data changes were 48.86%, 24.62%, and 8.99%, respectively. Based on the plot obtained from
factor analysis, genotypes 2, 5, 8, and 16 had high values for the first and second factors.
According to the coefficients of the factors, it can be claimed that the genotypes located in this
area have high performance, a high number of stomata, and strong root traits, which were found
at the soil depth of 0-25 cm. For this reason, these are the genotypes that could produce high
yields by absorbing water from the surface layers of the soil by having a large number of
stomata and carrying out more photosynthesis. Moreover, the investigated genotypes were
divided into three groups from cluster analysis by the ward method and Euclidean distance.
Genotypes 2, 5, 8, and 16 were placed in the first group and had the highest mean values for
grain yield traits, number and width of stomata on the upper and lower leaf surfaces, and root
traits including diameter, volume, and dry weight at a soil depth of 0-25 ¢cm, and root diameter
at a depth greater than 25 cm. The lowest values for stomatal length were observed in both leaf
surfaces. These were the best genotypes for cultivation in dry conditions.

Conclusion: A strong superficial root system can provide the plant with water from scattered
rains that occur with low frequency at the end of the growth period. On the other hand, the
increase in the number of stomata along with their smaller size reduces leaf pores and enables a
faster response of the stomata, and the rapid response of the stomata maximizes water use
efficiency. Therefore, having a strong superficial root system along with high stomatal density
can increase seed yield in dry conditions.

Keywords: Bread wheat, Drought tolerance, Grain yield, Physiological traits, Root traits

How to Cite This Article: Sadegh Ghol Moghadam, R., Saba, J., Shekari, F., Roustaii, M., & Moradi, S. (2024).
Evaluation of Relationship between Stomatal Dimensions and Density with Root System in Bread Wheat Cultivars and
Lines under Rainfed Conditions. J Crop Breed, 16(2), 1-13. DOI: 10.61186/jcb.16.2.1



https://jcb.sanru.ac.ir/article-1-1479-en.html
http://dx.doi.org/10.61186/jcb.16.2.1
http://jcb.sanru.ac.ir/article-1-1479-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-29 |

[ DOI: 10.61186/cb.16.2.1]

Y VY /Y o )losis /rv“"))’l*" Jl /u“I)} oblS 2ol asl ying,

Sl orrb Bl 5 (55)5LiS pgle Sty

g Wl

OU e lacn¥ 9 pB)l 53 (slady ;) whus b dijg) w5155 9 Slasl (o alsly (o 52
PR .h.;‘)m Cod

"5l 50 Maews 9 (st liwrgy silio o7 (5,505 0y 58 Mo > M pie JoB Bolo (il

oyl ()l oylos; ol (g5 yaliS” 0uSisly s@Lf Si55 g Aoy (e 09,5 (58> éja.u J.n.azﬂlé)ﬁ =
(s.moghadam@znu.ac.ir :_Jggue 0w g5)
Il e e oSl 43,908 1513 ¢ AL S 5 A i 095 okl =Y
Olnl el (s59liS g5 9 (hjgel «liid Glojl )9S w3 (65,9LS Sliiod dunsge il =¥
ol o5 ol il ¢ 5l 015l e aLS K55 g g pwoino 09,5 65D ATbgel il —F
VEY/YNY oo Ll goyb VEY/N /N bl o, DR ARVR WS SN VEVIVIYY il g )b
WU rasan
ol ) e Caman (IS 5 oy 6 oS alioe plon 3 6 el (63955 22 (O (e | (Sl O puS HBMR g dondo
Ao S g 03l )15 80 cod ) pui 0 ,Slee ) i SRS et S S gt 2lp g Ol Sl Jdoay JUuSiiS 09l 48 oo
ladijoy a5)l> (glojrg ol (dlasoy g (sl Slae (St (45 Joodi sl oalS el 3l 0l s gl 3 (2l el (gl oo
Gl el B by JBlus 4y )3 cogeo (i85 (peizmon Wiy Wl (Bym5 3ol I ol (paly cawd 3l g o SaanSTen Gls ST el allS i
Glassey Sluogas jl oyl ply o)l S g.;l Slgioe 9 0L ey dop (glod dgn Cugby ( gidyes il calisie gglaw b slalaze 1> olS (455l
JriS e 1y ola JUSw (Sid 4 gusl )0 &S st ol cplgl laicds uizmen A Slie dlge g Gl Gl bl iE SS35)e8 50
5 plosl PSS 08 5 (Y YF 5 olS 5 Slas g (dlady) i b o] b5 g 059 Cliogas
=l slacSsh gyl B 3 b paiS Cass YF 59y p (ulej] (sl i b 4539y 0515 g 2l (3 dlay (g 0 psliatods 1 g  Slgo
alae coga «iolojl ol p3 s 1l WAY=3A el Jlo j3 oloo; oty (659lisS” 0asiiily  Slados ds j5o mod bl pd 53 )85 s b Solas
Sl oalojl 3oy oo 53 00,5 S s Y 4 b faw J e &5 05 catS 1 VY oluss g ya )3 b o3l (s e sy 5 (gl piuw
Gy Slio 0 )S edlaiwl adyy Oldllas (cly pgs Ao il 5 les 3 Sles g Glao ob5)) sl gl 5 (S 5 a8 cudly dgng dlg) 93 gl
3pSes g oy (plage g dnd) paw i) oo il Jlab il Jobo ol (glady) i e Sl )3 4359, dlasi 5 459y 4oye 5 Job Jeld
53 plool Ly |8 slacSsh oy b LB o Jols slaodly oo 5 4500 Sl (550100 5l an 08 (5505100l (gope yio p3 p,5) il
9 Cole Ao (g )S) @i Jald opiie i (g)lol (sl o5 Slao (o Lally oy sliateds MBS )5 dualie 3,90 LSD (g)) lanSke
plosl SPSS 21 4 SAS 9.0 (sl l3dle 5 5l oslaiwwl b (g lol lawlors .053,5 ol acadsii (gaia09,5 (gly yiwdlS & 506 3l ¢ plowl Lole 4350
RUCRY
e dmlio gl g 00 (¢ pSojhil lio plad gl aews) Hhe YU £45 oaimd ylis (:Kle duolde g (il )lg 4555 uls s Al
a2t 2050 Slbdsil O 3 1) 3Sles Gl o eS VY Guisif 5 0 ,8Mae pliee (ol o VF 5 A D slagiss & o L eyl
g b g Jgb o 5l (i glada) Clao Jlai 5109 Y 9 0 (slacaisl 4 barye Sy 05 9 B e ) Ay, s (i D
e 50 w9 ol b 0ySlas o (6910 Gxe g YU (Ko 0500 9 VANV clacuigl 4 bgyype iy jio Slo +=Y0 Gos p ddyy SS9
2oty 329 SB (g yin Bl VD Bos )3 adyy paw g SUiS (g e lad (S (SBd haw 3 W) (2 9 Jsb S nnj g B
Syt 223 AVF o il YO 5l jiey Bos 53 ) Std (g 5 S 2 (5 o 3 Wy IS it 93 Pl (190055 ) o gl ol
els ccsb b oy Slas 4o 1) Ciito puiine 1 (b Sy (0 gdaw 53 &gy dlaw Cule 4355 bt olwl y aS" 055 angi 1) ails 5 Slee
o )d YAAS odly Ol poss s 51 Jol Jole oo 23,8 (6400095 (g0 yuass (g0 )d AV/FA g b Jole s 13 1y oy 390 Slio ole 4y 500
G YU polde b AF s A d F slacwis) b ele 4 4500 5l ol M (wlal 09 4o jd AAR pouws Jole pius o YF/EY pod ol ppuw
Olao g ol 4jgy s Vb 3, Sles gl 4l ol > a8)3 )18 clacuisi; &5 55 Hlo (gl oo b ols culps 4 dngi b &S Wdg pgd 5 Jol ols
Sl S (oxdaw claasY 5l O Gl b a8 st olacwiss dacuiss ool S Cuedds 139 S (¢ yi0 o +=Y Goe )3 (598 (sl
sward g d yiwMS 4y o0l edlainl b o)y ys0 (slbuies) cpmizmen S Mg (00b) 5 Sles by juuogid pbl g ol 4y dlaws ynils b
i iy 3 ) Slos Slao (gl (1Kiho Hlade o it gyl 9 1285 )1)8 Jol 09,5 10 VF 5 A ¥ (slacuig) .a8,5 )13 09,5 dw )0 wwdl alold
2 ady plad g SLS e il =YD (Bos )3 o ady) SIS (g 9 oo olad Jold glady) Slio 9 Sy g SBob adaw 3 &gy 020 9
2 bl 53 tS (lp Lacissl cn e o] ool o 39 S s 93 2 53 o) Jsb (sl Jlade (2208 g el YO I iy (ee
.J.Dy
LS 51 | mce &) 2y 0350 ol 53 8 (ol b o8 STy (sla S5l | Jeols T a8l 558 (rba (sl s 106 8 Ao
Gl 9 48 o ol 8 |y o) st o gy (ISl g 005 S5y B0 1alS g a] 3288 051l ooy g, ol I8l (Boko 51 i )8
YL) 4559y wS‘)J ol).o.hd,\ ‘555 L;L‘a‘u.' L;IAM.:) P TY ])IJ 20 Ia)l).m 2 L):Y“)JLJ Do o ul A_B)..a.o dl)lf uxu) )_.S\» L o Lihd})'” o
Dga aily 5ySlas il 38l Cows L3 oo

b piS eails 3 ,Slas ¢ glaityy Sl «Sjgdg b Sl ¢ Suis Joos 1 golS glrojlg


https://orcid.org/0009-0002-4076-0445
https://doaj.org/toc/2676-4628
http://dx.doi.org/10.61186/jcb.16.2.1
http://jcb.sanru.ac.ir/article-1-1479-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-29 |

[ DOI: 10.61186/cb.16.2.1]

3y Mg 9 (2litwg) yilas ((5)S5 133 oo M paio 38 (53l (el

¥ w2 bl yd cod b paiS SlacnY g pBl > (slady) wias b 4559) 5515 9 Sl o iy (o) 2

(Moshfeghietal., ) 3o Lo o> Lloa (isy o uojyj
plool g b o 0y Sloe inli 8l el oly o slapli]
Py Joloe COLS Co lg5 oo 55 A 3)90 5> Clalllas
Caibgo i (Slpa blyd 53 g 0ad 3 Slas Sl
(Blum, 2011) sl cpeuds 1y 3o

(Shahinnia et al., 2016) ,LSen o L ol
oL paS pByl 5o &l J)SJ.Q.C: L ey 051y o (Siamsotd
g yiddas (3L Yol 1y ol ade g 00,8 pMel cue |y
5 Sl o8 Jlo o 2l g5l > i Sy oo
9 0,los 0 23,8 leis (Jager et al., 2014) Ko
S s ol 4o cuilb dgr g i (Siusen &g dliss
Ohlen g s 39 0 Ol (59,340 syl &559) Slass
Ob pAS 5l slacuisis 1n,S (5)155 (Atta et al., 2013)
2 St 2y Slos (dider (698 (glaiy) i sl &S

bls)l g slasjg) Clao qwyp jolateds yol> img}y
slacpY g pl8) 03 Slas 5 gl Clas b Slas )
b plol as e )3 s bl 53 ()b puS

g, 93190

i b 59 (515 g bl G Al (o) jslateds
Lol as 050l o0 paiS 08, V) ab 5,Slos o (gl
VMY ojlocs Geigi3) Lom o) 03los ighs) syl
32l F o)lod 5955) OIS (7 ojled i)
) 9 ndn (F o)lad Cgf) L) (O ojled cuisii)
(A ojlod u5gi5) (ol oA oyled uigig) Gl oV oyled
(V) osled csgi5) Mo ol 9 (V0 0jled caigi) o
Slrcsig] s i) b paiS ad iy (pY WY ol jend,
slacSsl oy b B o ood bly s o (YF U VY oledds
oSl Sladss dejio o )|, SO aw b dolas Mels
0oy ABI TN g 423 ¥ 53 By o oty (65,5l
Fo VY gl g (Bpb Jsbo 48> VY g 2> ¥A 5 Jled
B0 b5y 5 S WAV=RA ely; o )5 by pdaws
polie m2d 08) V) 3y adlate )3 (bS5 (85 )18 Jdsay
Mol Gan Uy 3 pasS aby iy ¥ WY g Loyus 4
20,5 Olssl oy 3ble jo 0 Sles ilsél

3Y sl Ly sz sty il ol
Cpn b o3l sl o Bl Y+ oo o yie 5l 10
3 b el 3 (misae sl (908 D Jutes
5 o gl 5 8,5 150 o)l g LT I3l (S
JUS s > ol 35 2 5 yin e ¥ g Lo o
VD o g 520 WY Jsbo 4y 5 on 5l j1eV/0 acls 4,
L ool Hl,8

ope dmadg) (c5lwodlal g cons Sllos plasl
3 A 0d) w658 4y ylgls il ealil b o)l bl
aS 3 oy ¥ s g Jols inlejl asly o islejl oyl
5 Ay s Al pltiady Ly oy > dlg) 5,
agadgl o Byl gy o S s 93 Sod Ojledy 2B S
g LS 6068 slajls 05,8 sl e V/0 o3l

dodilo

L5 odes st 00 S el Lgs puol s p> S
90 75 9 Ol Comer (lali8l Ly ity olie
Ol 38l M B puan diyauiS 5l gyl 50 (S5 0 kbl
Mov Gl o db; M| g0 Cundy ol g ol sl
(Moshfeghi et al., ) cowl oo Loyl Byae Hlaio g
Jo—ame S oleedy pa S (M oy 40 (2014
72 e (pyd g 039 429 090 (e > STl
o cilisee QoS e 31y 15 e eV 5 ot
©Mgr oMe Mo e puiS (Narayanan et al., 2014)
Enghiad et ) oS o el 1y los (Spao )5 do )
Sl Joolse 51 S5 ool 5 Jaame oyl (al., 2017
.(Koocheki et al., 2013) 555 o0 guzs (glie Coal
oS Loyl g pasS aS ol sblie dop £ 5l i
eoplplo oyl )y 8 SLidd o 5 S bl ;3 244 o0
el gyissy ol Lo Bbobis ol 3 o5 o 25 on il
2 B o Sasl blay ) o cwl Sas (i
ladasMe ol jobay puS a5 g 3 )Slas 3l sl Sl
.(Mohammadi et al., 2010) ¢l 43,5 1,3 56 cog

uj UL_‘»)L\) col_fs ui u‘)“’ w&lf G u_i,o Y
u.:].\_c J|9_A 9 u] u.)._> ‘_5‘); olfs dw‘ J...“QL\J 9 Sk
oS aulats 4 Sy uilwd e HLid Uslaie oS 345 0
L &S 1y a0 yials 1) cul ol SUalie slacyled
a9, cpilidyg Lid ials g Ol (s (slgione ialS
Aalgs ialS 0 olS jiweid oyl dondl 1D 5 0l diug
pohis 5 Sl ol Gl an aS as)h uilwg, s jlid
S8 oS sl d a0 )3 g ol Sglie slacJld
5 e 5y 0 &g, dlaw (Bilal et al., 2015) uis’ o
S Il a8 olS Sl calisee pB)) ¢yl o 09Me
L g 0jlasl o5y o dsly o 359, coglate dlaxi Jdoay
ol 299 L (Bertolino et al., 2019) cuul aaijs, 04
oS S gy cdday baoe 4 Fuly 0 (6 pdySllas]
(Assmann & Jegla, 2016) > 0 J S

U'—IB‘ SLs ui w&..«oﬁ 4S Cawl ol uLw) Olallas
a3 o 45 15l cov 1) ey od dien a5 ol ole
& gl 3 5 0 o Jlol lgn Slaplsl & (ln U
ol cdy yan ikey BBl 4 s bdjs, b LS oy
WilKINSoN ) uuS’ co malas 1) 355 (1389 dits 5 5 Coundg
Giin D el 13U i,y oS olodl 5l (et al., 2012
4.3)|.> L;t‘}_h Uy 8395 Cun il u)‘..\.c ).o.oL.c 9 ul
slacols o cowl ySas pl8)| gla iy i i le
ol p3Y g ail ansly (oo i Ll 5 Slas jd dgng0
slplasl 6395 G o canlio Jobs by 09 s o


http://dx.doi.org/10.61186/jcb.16.2.1
http://jcb.sanru.ac.ir/article-1-1479-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-29 |

[ DOI: 10.61186/cb.16.2.1]

e Mo 9 (2liasg) oo ¢ 5)I85 0y 8 oo Ml cpaie JoB 33lo (e

Sl gl as (6, lag S5 07 S g a5 590
S ol SLilos)S jlaw aidn G 4y Sluogad
e W) Celw 3 02 Sl dge (Dol jobay
(FAA) sl Sl 1l 6 055 Joloma 15 5 sl
5 Lo Ohgrdn LaS ()b pgal Bn3)S ol
Sy 40 .05 plool (Hirose et al., 1992) S
x¥eo olaiS)5 b -NFASY MM? Colus 4 ddlaie cin
85 )8 i 2)98 9w S

sleodly J o 5 400 wilaw (5 puS0lsl 5l asy
(oo SS) (Bolas JolS' slaSol )b B > Jols
5 duglie )50 LSD (ogyany LapSile 9 48 plos
bl a8 Sl bilg) () pslatods i8S
ajpd g Cade 4o (g )S) wjpd Jold oyt s
Lacaigif (saiog)S (sl oMl 4o jl 5 plosl oo
58l 5l oslisl Ly gyl coluwloes 1038 o3lis
25,5 plol SPSS 21 5 SAS 9.0

cou g

o (Y Je) osbly aps ml el
o g Slie ples bld Sl oy p 3)50 sl
&S i dg3g /Y Jinl maw 0 (gl bxe OS]
390 Wlio Bl jl gl om 95 2929 oaimd Ly
Shahinnia ) «j) Gluogas (> £45 3935 Cowl )y
{Kardiman & Rebild et al., 2017 <t al., 2016
5,Sles 5 (Ehdaie et al., 2012) (las, clew
aligss plo jd puS pB,l 4> (Elsayed et al., 2017)
sl 035 )5S 3

VFY /Y o loss /r‘,ma):Lu Jw /L;c\))‘ OLlS #Mol dol yings

SLS ds g awle puiS olS Jlyou d9ds 9 S 905
Lysl a3 & ygmods Lialojl & opl 4 dngi b o adlal
solaieds (Joxi] Lo plosl cudlS 51 L8 (g lol 1 s S
g g aeyie SK Sl adlgd g acyie Cagb) (95 Sy
3929 ©ygo )3 by (s | gy g Mo AR5 Wiged
g yo 4 adlgd SL 5 as)fo S Cagb o SIS
b oo 3 LS ol 5,8 o a8lsl Ol Y ey
Orej b g SLs cogb) (38 LSt caaar (5
3 o adioe plodl Sl s g jeiine ysboany (=)
Aol b mpe yio 0 il YA« (S15 L yods oy (6 5lwoslel
15 05 oS Wy Gl 43 5 yia sl Vo bghd
Vo o sl e 4 b clS )0 VY olaw o dlgl e
95 cigis yb sl olol asly pm )3 05 S e
5 Slio 2lj) sl ol ) (S 51 a8 cudls sg2g g
a8 SLutblos)S ats yo jlam pgd Ayl jl g (aled 3o
lallas ly g @)l (o) Sl 2980 ABgite (g A3
03,5 edlatwl Ay
aSjg) S g Wjgy poye 9 Jobo Jelid slaj9, Clio
iy plad ey Job Jold glady) Clio o d5ly 5>
p) Wl 2 Slee g adyy (logn 5 ady) ghaw iy o>
Silolin > Cgpu jolaiods NuS (6 pSo3luil (gye yio
sl i, 4 oylus obol jl 685l 5 S5l s,
slaadg I (Sdly st g95 5l G (258 5 (el
9y 2 o SLbl Szl olpondy SB (g (wss
ol Bk 50 aidy Ve dgas g ud adliS Ko doxins
5 CdlS i (g5 (St duneS g 85 )15
Soslazwl b bddy )y 9 2y Ol 5l (Sl 4 o] 9,0 ady
sl yalyl (680510l Olej B g S0 s ol mMo Lié

w0 byl cod U palS glacuie) ;o ailb o ySles g (gl () las il ls 4500 =) ol
Table 1. Variance analysis of stomatal, root and grain yield traits in bread wheat genotypes under rainfed conditions

Sl (5o
mean of squares
B 4D Ay shad 2 ady b . &g, dlaw &oljl as
iijm )‘ﬁ YO+ o gy 2 gy UBye Culy B9y Job ) Job g 45jg) Sl @Z’f j{# Degl)'ees )of JUEPEIA
T o ibe Sy Sy g Sr Sy gaw Sy cnn Stomatal freedom S.0.V
I Root stomata stomata stomata stomata Stomatal frequency
Rogt dlﬁ\meter at  iameter at width width length length frequency Adaxial
a ﬁpt 2 reater a depth of Abaxial Adaxial Abaxial Adaxial Abaxial
than 25 cm 0-25 cm
0.003° 0.01°¢ 25.18" 5.67™ 12.16™ 81.27° 515.05™ 15420 2 A5
Replication
0.001** 0.005** 17.42** 13.62** 118.67** 59.52* 152.46™ 316.24** 23 )
Genotype
0.0007 0.001 4.37 3.51 14.24 20.87 38.15 111.91 46 EU;;r
oyl
15.50 11.93 7.80 7.74 7.95 9.31 14.91 14.28 - ‘-")r:”
Coefficient of
variation



http://dx.doi.org/10.61186/jcb.16.2.1
http://jcb.sanru.ac.ir/article-1-1479-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-29 |

[ DOI: 10.61186/cb.16.2.1]

3y Mg g by yilan (55 13 oo M paiio Jo3 (530 (el

w20 blyd cov (U puiS (cla Y g pB)) )3 (claty) i b 4359, o515 g ol G alaly (o

w2 blyd cou b paS glacaisgs ;o aib o Sles g (glddy ) (glijey Claw il ylg 4io0 =Y ol dald
Continued Table 1. Varlance analysis of stomatal, root and grain yield traits in bread wheat genotypes under rainfed

conditions
ety
mean of squares
S o adyy >
> aday Jobo . Geos P 4l [ESEENN 3o 1
I i Gos )3 Ay Gos ) aia g YO 3l i e )):,:)Jﬁb ¥0 5 e Ges P 4l VO3l e Bas 3 Ay > Sg}gr:;é; .
5 Shas . cmfm N cm m—f~ om o L%rmy cmya-- o e, of )AS‘”OEC
oot surface at a oot surface e root ; Dr freedom RS
b depth of more than ~~ at a depth of length at a Root weight of weigh% of ~ volume  Roofvolume at
yield length at roofs at a ata a depth of 0-25
25cm 0-25cm epth a depth of denth roots at a denth cm
greater than 0-95 om D! depth of p
25 cm greater 0-55 em reater
than 0-25 tl an 25
cm
0.18"™ 11984.1™ 65811.4"™ 68953.7™ 3707.55* 0.18"™ 0.01" 16.07°* 0.003™ 2 Repl)gca‘tion
71.90% 922816.2** 88602.0* 109837.4°* 2873.59° 0.36°* 0.18°* 7.17°* 3.03** 23 Geﬁégpe
9.81 234652.0 31080.8 44090.52 953.07 0.09 0.06 2.75 1.32 46 Eur“:m
o
7.21 9.11 8.25 6.4 4.80 11.36 12.96 10.85 8.31 - Cot:f‘ﬁ;ent
of variation
oilil by ajgy S (S & Jooxio Bl i as ol i (Vsie) bewis) (pwSle dwlis pls

de Boer ¢Franks & Beerling, 2009) sl 5Ss o8
M‘y LY M ,nls) quo)l u.sl 2 (et al., 2012
ojlul b ik &g, i S Mo gy 3,Sles
S Slady) pres U b pB)l cpl il 5 Sass
oS b imd )8 ol HLisl )3 9 03,8 Ll |y O wilauilys
Saradadevi et ) saus i jlad ol 45jg, dlaar zily b
o (Stusod Slallas Sy 40 3539 opl b (al., 2015
ety Ol oy s 1 Jdoay 5Sles b g, olas (e
Cute (Siuwed (Dunn et al,, 2019) col suis j5)l55
SB s glages > ady) SiS jg 5 3o o
Kolahian ) cuwl ssid )5 55 S0 oldlles
Jongrungklang et al., ‘Hamedanizad et al., 2015

(2012

9 e o Djgy Job b Aoy S G (Shesen

de Boer ) 5l sl 500 pdioee gl b oS dgy )y gime
et al., 2016, de Boer et al., 2012, Dittberner et al.,
93 L-ﬁl O Swasod (2018, Fanourakis et al., 2015

4 ol 00S s daly 5 3s3s Jioa Vs cao
M g ey BG Lials b iy djg) dldad i)y oyl
S G Faws My SBS L S 4,
olad b &9 i o dlaly (Aminian et al., 2012)
Om Ay 5 Cute ady) SIS s g e sk o
s (g (Saon e D9 (ite Slao cpl b 4559y Jsbo
e Y ) dladyy clas L 4, Jsb g &)
P S I by (aile -—V0) Ady) es
Dy (e sl YO 3l yriy)
Slao plo bl 3 Slos cpo dlaly ying Sy jolaioas
225 @l (¥ Jsia) 25 plol pBapl (oS, 4520
a3 Skee Cho B g5 b Bapls s
Slysie plpsay Slho plo o alwly e lgied
o j3 dijgy Sl ki 93 Egazee j0 &S Db L Jaiuee
VO Sl il Ges ) Ads) S (g g Sp e
U adllas 3y50 Slas plo g Bad Jdo dyly yio il
On ML Iy pendy g asly Jle g gyl me
2 les & ol e 1y a3 Slas Cano 5l aew s

5 2 8es Gl Cnyide G Vg A D Y
3)90 Sg] o 3 1) 2,8k o‘}f.w oS VY g
O 9 S8 haw ) g M (pyidi B (o)
2 Si9y Jsbo e 9V 9 0 lacigl @ beye S p
b 95 9 VW lacisl 4 bgpe Sy aw 93 o
(S Bs g 13) O locigs & baaye 4y ()8
Sladyy Slao 5l o (Sp o) gaw ) Wy
Ady) S (g 9 ady) ghaw (Jsb o b oy i
F Glcwis) & bape cuiia e il =YD Bos )
Ok dunlie guls 4y ds i b faezme 50 050 0 g VA LYY
S M gasuie ey g Slie 5l bcwy)
P Cond g8 lady) ples & olacds)
Sy adaw )0 0L €y i il b asdh culS ses
5 (Roche, 2015) ooy pbsl (g iy pwed Sldiwiles
b s opl s Wl e &S WS W) 58 (g 0,Sles
o del Ol cwl B xaw clady, ptaw oS
) SBBes )3 9 )8 &5 0 sl
b )y gbs .(Manschadi et al., 2010) .S ol
cilS Bos xdaw 4Y 1 Ol 16 4 ol o2l LS
il b olS & 39 e olS 4 ola S Jlo) el
ol GiSly g 008 a5 pleo! S
IV (Saradadevi et al., 2015) sau 0 1y 295 sladijy,
iy o jb 4 yoie sl opl ) ady) bwy O Ll
ool 2 o9y ol L g oo stess Stalidl o] Jlisay
S UJmey) US\MO u».u ]a;l).w 2 dslllao Lig GLu
P> g ddyy Job dg atuly wmdly (oYL 2)Sles
3fbos b pB)l 4y cos SB sloel 3 1y gyt )
o lao (¥ Joi2) (Stsed s @l polul
0eE ‘ff O’)’) 5 SBs8 gdaw 53 4y, S L 3)Sles
Taw 9 Suid (g > olad (S JBed aw > &j)
9 Cute (Shued SB (laBlo V0 Fas ) ady)
Sy B aw ) &gy Jobo L 3Slee o g ) e
28 ohalajl 3 bl 32y (6l e g (e (Stumror
pLsl (s 4 a5 Jooxlo pAS 08 (9315 (59,


http://dx.doi.org/10.61186/jcb.16.2.1
http://jcb.sanru.ac.ir/article-1-1479-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-29 |

[ DOI: 10.61186/cb.16.2.1]

3y Mg 9 (2liwg) yilas ((5)lS5 13 oo M paio J38 (53lo (el

op9% )l iyl 45l SB s ol Seis g Ay (b S
2 Ay de85 g Cuwl 03 puiid 5 Suis S &S 20 bl b o
Slp @3l Gpo a3 )b gy 5 4 L S
3, 8as ials 4 e culpd o aS ol a0, (sl y

Cw) 045

VFY /Y o loss /r,m))Lw Jw /L;c\))' OLlS #Mol dol yings

ow ) aje; dlis Cho le cpl )0 0 Cowd Glas )
Jba ol ) b daly iz o cwl 0 dny
%)Ap. 4{ \)9{ )xﬁ&lw Ya }‘ ’M' :."‘ ‘-§Q$ )\) ddj:h.’.) Lj‘\k\b.

Table 2. Comparison of mean with LSD method for stomatal, root and grain yield traits in bread wheat genotypes

under rainfed conditions
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Table 3. correlation analysis for stomatal, root and grain yield traits in bread wheat genotypes under rainfed conditions
16 15 14 13 12 11 10 9 8 7 6

5 4 3 2 1
1.00 1
1.00 .850** 2
1.00 .865** .939** 3
1.00 -973** -.844** -.908** 4
1.00 .433* -0.35 -0.32 -0.38 5
1.00 -427* -.975** .950** .859** .865** 6
1.00 0.10 0.26 -0.08 0.06 -0.04 0.02 7
1.00 0.05 .958** -0.40 -.957** .949** .843** .884** 8
1.00 0.31 0.29 0.27 0.11 -0.38 422 0.36 A41* 9
1.00 0.32 .967** 0.05 .967** -0.40 -.956** .957** .901** .926** 10
1.00 .426* 0.02 .529** 0.04 .500* -0.18 - 477 0.38 0.35 0.22 11
1.00 AL1T* 879** 0.26 .839** -0.04 .851** -.500* -.866** .840** .813** .839** 12
1.00 0.36 .810** 0.37 0.13 .481* 0.13 A78* -0.12 -.439* 0.35 0.33 0.18 13
1.00 .657** 557** .613** .492* 0.13 575** -0.06 .563** -0.38 -.553** 452 0.33 0.35 14
1.00 .925%* .629** T79** .619** 781** 0.24 .829** -0.02 .822%* -.453* -.812** 737+ 617** .651** 15
1.00 0.36 434* .536** 0.04 767+ 0.14 -0.03 0.24 0.05 0.19 -0.11 -0.21 0.09 0.06 -0.01 16
.966** .445* 497 .653** 0.15 .883** 0.22 -0.02 0.33 0.09 0.30 -0.15 -0.31 0.18 0.13 0.03 17
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Table 4. Regression anlysis for stomatal, root and grain yield traits in bread wheat genotypes under rainfed conditions
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Table 5. Direct and indirect effects resulting from path analysis for stomatal, root and grain yield traits in bread wheat

under rainfed conditions
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Table 6. Factor coefficients, relative and cumulative variance of factors in bread wheat genotypes under rainfed

condition
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Figure 1. Biplot diagram based on the first and second factors in bread wheat genotypes under rainfed conditions
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