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Table 2. Combined analysis of variance of yield and yield components and root traits in wheat genotypes
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Table 3. Genetic parameters of yield and yield components traits and root traits in wheat genotypes
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Table 4. Correlation coefficients between yield and yield components with root traits in wheat genotypes
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Table 5. Regression coefficients of root traits affecting wheat grain yield based on stepwise regression model
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Figure 1. Sequential path analysis diagram of grain yield with yield components and root traits in wheat genotypes

&l oluay LS‘)’. tj)).i Co o dl)‘.) pow JvoLc W d)‘AipL
39 oo CMe b by lia ig 9 Cute coMe b dlius
Pl Jole 3,5 (Byme &> (19 1 % Jole Wl oo
Gos Ay plad (lp St 9 S o ps I L g
- o I g . . cmoyyoL
L aie) Job sl (e 9 Syi o pd 9 VOO 5l
PO > (Seiif g5 byl 3 3 (V)) oo 9 (B 5
oo bl b o e Jele 4 a4y jo0 5l edlatwl Loyl puS
5l oy MY oS o) ol |y Lol jls sugb,y
Lbo‘ NEHPEVESY Jwa‘}.\’— ‘}:“1 alwgas osls O u"‘;l:’.)]ﬁ
9 0Shos Joole ) Jolo cuiiar ]y (sl Jalgs

e e Jole 4 4555 5l odel covdsas ol wlal p
VWY 9 WW/E FAYA FUBY ol s siaslys gl Jale
g )t YL Jol adlie 3 F Joio) 1S
039 ‘)_la;é I «dly .))_<.L>.C uLn_.oA_sdlaﬁwb)l5
(SLiS ()39 e g ye oy dliw Dl Slas 4y
. cm o L. "
Jele Glgie 4 00 YO I iy Ges ady;y sk g daw


http://dx.doi.org/10.52547/jcb.12.36.136
https://jcb.sanru.ac.ir/article-1-1154-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.136 |

VFo

adg SiS iy 9 gLyl Clae ly S)p calpe b
Sl g g9 Glie oy 0 b (YA) (hlSen g (sgwge 90
ot byly il 3 0008 plaie (b pAS slacais o o
Iy Laosls yuilsylg ampa Y 5l iy Jgl Jole g3 0ebo,
Cato 9 S)im Gl il b gl Jols o 2035 an g
039 9 ady F (g ey Job iy e Slas (gl
3 L g Joole 5 4 i ke s olgn i

A () NSRL olS gnj e iSe il el aoey

WA lioj V7 0ylasds /235193 Jlw [ £ly5 lolS oMol aolicings

ISR olager oo 5 Sl Jole 0,5k 13!
ol Slaw sl Sy colps sl Jol Jole i 8
bl pg> Jsle cady ylab 5 SiS g oo ool
sy g domy Sl cliuw Job Olas ly S5 culps
i )0 il dlaad iy 53 aliiw dlaad 0lS 50 Hg)b doxiy
S calps gl pge Jole cails 3o 5 aly)lin (5
0L ¢ puiliogyold Jdg IS S slod lio 4l
Olje Sy 0hag a9 S O (oo lgizes ¢ Jeds)lS

Ptz Joole 5 g ol Jaunilty 9 Sy T Jmslty ¢y

W) dﬂfb)‘.b‘ Slows LS‘)" LSZQ?U u»ul.:)la 9 L)AAJLJ)‘B Loy gb).:9 )J.)LQA ;LQJ.ALC- L 4.:).70 @L; -5 Jab
Table 6. Results of Factor analysist, Eigenvalues, variance and variance cumulative percentage for measured traits
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Table 7. Estimation of Wilkes-Lambda and F values to determine the cutting location in cluster analysis of wheat
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Table 8. Mean and percentage deviation from the mean of each group of wheat genotypes in cluster analysis
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Figure 2. Dendrogram derived from cluster analysis of wheat genotypes based on measured traits

gladole o0 )l ol bt e )l 8 elS L]
ol Jodsany i g o) LSS pLE 53 5A D
Mg g ol Ol 0y O (hw ady) Sluogas

cilie slalage )3 9 Wil oo e 8T Cov e,
PSP (g )y 4135 5 Jgie Cule 438 o Snson
S L5 45 s 315 )

10.

1 g0, i |y ol as asb awsb |y SUlg ol g

&be

. Aamodt, S. and W.H. Johnston. 1936. Studies on drought resistance in spring wheat. Canadian Jourhal

of Research, 14: 122-152.

Acquaah, G. 2012. Principles of Plant Genetics and Breeding. 2nd Ed., Oxford, John Wiley & Sons.
Hoboken, NJ, USA, 740 pp.

Adeleke, E., R. Millas, W. McNeal, J. Faris and A. Taheri. 2020. Variation Analysis of Root System
Development in Wheat Seedlings Using Root Phenotyping System. Agronomy, 10(2): 206-224.
Al-Otayk, S.M. 2019. Evaluation of agronomic traits and assessment of genetic variability in some
popular wheat genotypes cultivated in Saudi Arabia. Australian Journal of Crop Science, 13(06): 847-
856.

Atta, B.M., T. Mahmood and R.M. Trethowan. 2013. Relationship between root morphology and
grain yield of wheat in north-western NSW, Australia. Australian journal of crop science, 7(13): 2108-
2115.

Ayub, M., M. Nadeem, M. Shehzad and M. Tahir. 2013. Allelopathic effect of legumes leachates on
seed germination and seedling growth of maize (Zea mays L.). Journal of Agricultural Technology,
9(4): 863-875.

Chen, Y., J. Palta, J. Clements, B. Buirchell, K.H.M. Siddique and Z. Rengel. 2014. Root architecture
alteration of narrow-leafed lupin and wheat in response to soil compaction. Field Crops Research,
165: 61-70.

Chen, Y., J. Palta, P.V.V. Prasad and K.H.M. Siddique. 2019. Crop root systems and rhizosphere
interactions. Plant and Soil, 439: 1-5.

Daryanto, S., L. Wang and P.A. Jacinthe. 2016. Global synthesis of drought effects on maize and
wheat production. PLoS One, 11(5): e0156362.

Ehdaie B, A.P. Layne and J.G. Waines. 2012. Root system plasticity to drought influences grain yield
in bread wheat. Euphytica, 186: 219-232.


http://dx.doi.org/10.52547/jcb.12.36.136
https://jcb.sanru.ac.ir/article-1-1154-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.136 |

VYA ob paS 3 Slas glinl g0 Slas b gladyy Olaw o bailgy (o)

11.FAOSTAT. 2018. http://faostat3.fao.org/download/Q/QC/E.

12. Figueroa-Bustos, V., J.A. Palta, Y. Chen and K.H.M. Siddique. 2018. Characterization of Root and
Shoot Traits in Wheat Cultivars with Putative Differences in Root System Size. Agronomy, 8(109): 1-
14.

13. Fradgley, N., G. Evans, J.M. Biernaskie, J. Cockram, E.C. Marr, A.G. Oliver, E. Ober and H. Jones.
2020. Effects of breeding history and crop management on the root architecture of wheat. Plant and
Soil, 452: 587-600.

14.Ghimire, B., S.H. Hulbert, C.M. Steber, K. Garland-Campbell and K.A. Sanguinet. 2020.
Characterization of root traits for improvement of spring wheat in the Pacific Northwest. Agronomy
Journal, 112: 228-240.

15. Grzesiak, M.T., N. Hordynska, A. Maksymowicz S. Grzesiak and M. Szechynska-Hebda. 2019.
Variation Among Spring Wheat (Triticum aestivum L.) Genotypes in Response to the Drought Stress.
I1-Root System Structure. Plants (Basel), 8(12): 584.

16.He, L.X., Z.-Q. Jia, Q.X. Li, L.L. Feng and K.Y. Yang. 2019. Fine-root decomposition characteristics
of four typical shrubs in sandy areas of an arid and semiarid alpine region in western China. Ecology
and Evolution, 9: 5407-5419.

17.Hu, C.L., M. Ding, M. Qub, V. Sadrasd, X. Yang and S. Zhang. 2015. Yield and water use efficiency
of wheat in the Loess Plateau, Responses to root pruning and defoliation. Field Crops Research, 179:
6-11.

18.Javanmardi, S.H., R. Fotovat and J. Saba. 2010. Relationship between soluble carbohydrates and
proline with osmotic adjustment and the role of osmotic adjustment in wheat yield under drought
stress. Water and Soil Sciences, 14(53): 65-72 (In Persian).

19.Jia, Z., Y. Liu, B.D. Gruber, K. Neumann, B. Kilian, A. Graner and N. von Wirén. 2019. Genetic
Dissection of Root System Architectural Traits in Spring Barley. Frontiers in Plant Science, 10: 1-14.

20.Johnson, HW., H.F. Robinson and R.E. Comstock. 1955. Estimates of genetic and environmental
variability in soybeans. Agronomy Journal, 47: 314-318.

21. Kahlili, M. and M.R. Naghavi. 2017. Genetic diversity in spring wheat cultivars and relationships
between traits under terminal drought stress. Iranian Journal of Field Crop Science, 101-117.

22.Kano-Nakata, M., T. Nakamura, S. Mitsuya and A. Yamauchi. 2019. Plasticity in root system
architecture of rice genotypes exhibited under different soil water distributions in soil profile, Plant
Production Science, 22(4): 501-509.

23. Kesahvarznia, R., M. Shahbazi, V. Mohammadi, Gh. Hosseini Salekdeh, A. Ahmadi and E. Mohseni-
Fard. 1393. The impact of barley root structure and physiological traits on drought response. Iranian
Journal of Crop Sciences, 4(45): 553-563.

24. Kirfel, K., C. Leuschner, D. Hertel and B. Schuldt. 2017. Influence of Root Diameter and Soil Depth
on the Xylem Anatomy of Fine- to Medium-Sized Roots of Mature Beech Trees in the Top- and
Subsoil. Frontiers in Plant Science, 8: 1194.

25.Liang, Y.S., Z.Q. Gao, X.D. zZhan, Y.L. Chen, D.B. Chen, X.H. Shen, L.Y. Cao. And S.H. Cheng.
2011. Phenotypic correlation among root and shoot traits in an elite Chinese hybrid rice combination
and its three derived populations. Acta Agronomica Sinica, 37(10): 1711-1723.

26. Liu, Z., K. Gao, S. Shan, R. Gu, Z. Wang and E. J. Craft. 2017. Comparative analysis of root traits and
the associated QTLs for maize seedlings grown in paper roll, hydroponics and vermiculite culture
system. Frontiers in Plant Science, 8: 436.

27. Mohammadi, H., A. Ahmadi, F. Moradi, A. Abbasi, K. Poustini, KM. Joudi and F. Fatehi. 2011.
Evaluation of Critical Traits for Improving Wheat Yield under Drought Stress. Iranian Journal of
Field Crop Science, 42: 373-385 (In Persian).

28.Moosavi, S.S., S. Jalalifar, M.R. Abdolahi and M. Chaichi. 2013. Evaluation of diversity and
heritability of some morphological traits in bread wheat under stress and normal conditions. Journals
of Agronomy Sciences, 6(9): 37-54.

29. Mu, X.H., F.J. Chen, Q.P. Wu, Q.W. Chen, J.F. Wang and L.X. Yuan. 2015. Genetic improvement of
root growth increases maize yield via enhanced post-silking nitrogen uptake. European Journal of
Agronomy, 63: 55-61.

30. Palta, J.A. and N.C. Turner. 2019. Crop root system traits cannot be seen as a silver bullet delivering
drought resistance. Plant and Soil, 439(15): 31-43.

31.Palta, J.A., X. Chen, S.P. Milroy, G.J. Rebetzke, M.F. Dreccer and M. Watt. 2011. Large root
systems: are they useful in adapting wheatto dry environments? Functional Plant Biology, 38: 347-
354.

32.Peng, B., X. Liu, X. Dong, Q. Xue, C.B. Neely, T. Marek, A.M.H. lbrahim, G. Zhang, D.l. Leskovar
and J. Rudd. 2019. Root morphological traits of winter wheat under contrasting environments. Journal
of Agronomy and Crop Science, 205(6): 571-585.

33.Postma, J.A. and J.P. Lynch. 2011. Root cortical aerenchyma enhances the growth of maize on soils
with suboptimal availability of nitrogen, phosphorus, and potassium. Plant Physiology, 156: 1190-
1201.


http://faostat3.fao.org/download/Q/QC/E
http://dx.doi.org/10.52547/jcb.12.36.136
https://jcb.sanru.ac.ir/article-1-1154-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.136 |

1¥a WA lioj V7 0ylasds /235193 Jlw [ £ly5 lolS oMol aolicings

34.Qin, X., F. Feng, X. Wen, K.H.M. Siddiqu and Y. Liao. 2019. Historical genetic responses of yield
and root traits in winter wheat in the yellow-Huai-Hai River valley region of China due to modern
breeding (1948—2012). Plant and Soil, 439: 7-18.

35.Rahmati, M., A. Ahmadi and T. Hosseinpour. 2018. Study of genetic variability, heritability and
relationship between grain yield and yield-related traits on bread wheat genotypes under dryland
conditions. Journal of Crop Breeding, 10(25): 167-175 (In Persian).

36.Robinson, H., A. Kelly, G. Fox, J. Franckowiak, A. Borrell and L. Hickey. 2018. Root architectural
traits and yield: exploring the relationship in barley breeding trials. Euphytica, 214: 151.

37.Roy, D. 2000. Plant breeding, analysis and exploitation of variation. Alpha Science International, RG
UK, 701 pp.

38.Ruiz, S., N. Koebernick, S. Duncan, D. McKay Fletcher, C. Scotson, A. Boghi, M. Marin, A.G.
Bengough, T. S. George, L. K. Brown, P. D. Hallett and T. Roose. 2020. Significance of root hairs at
the field scale — modelling root water and phosphorus uptake under different field conditions. Plant
and Soil, 447: 281-304.

39.Saradadevi, R., H. Bramley, J.A. Palta and K.H.M. Siddique. 2017. Stomatal behaviour under
terminal drought affects post-anthesis water use in wheat. Functional Plant Biology, 44(3): 279-289.

40. Siddique, K.H.M., R.K. Belford and D. Tennant. 1990. Root: shoot ratios of old and modern, tall and
semi-dwarf wheats in a Mediterranean environment. Plant and Soil, 121: 89-98.

41.Singh, B.D. 1990. Plant breeding: Principles and methods. Kalyani publishers, New Delhi, Ludhiana,
India, 458 pp.

42.Sun, Y., S. Zhang and W. Chen. 2020. Root traits of dryland winter wheat (Triticum aestivum L.)
from the 1940s to the 2010s in Shaanxi Province, China. Scientific Reports— Nature, 10: 5328.

43. Tabatabai, S.M.T., M. Solouki, B. Fakhery, M. Esmailzadeh-Moghadam and N. Mehdinezhad. 2018.
Evaluation of grain yield of recombinant inbred lines of bread wheat (Triticum aestivum L.) derived
from SeriM82/Babax cross under drought stress conditions. Iranian Journal of Crop Sciences, 19(4):
270-283 (In Persian).

44.Zhu, J., K.M. Brown and J.P. Lynch. 2010. Root cortical aerenchyma improves the drought tolerance
of maize (Zea mays L.). Plant Cell and Environment, 33: 740-749.

45.Zhu, Y.H., J. Weiner and F.M. Li. 2019. Root proliferation in response to neighbouring roots in wheat
(Triticum aestivum). Basic and Applied Ecology, 39: 10-14.


http://dx.doi.org/10.52547/jcb.12.36.136
https://jcb.sanru.ac.ir/article-1-1154-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.136 |

Journal of Crop Breeding Vol. 12, No 36, Winter 2021 ............cccoeiierrierireeirieiesisteeisiee et eenenesieeseenesnssmieinesssnesssnenanns 150

Study of Relationships between Root Traits and Yield and Yield Components of
Bread Wheat under Rainfed Conditions

Ramin Sadegh Ghol Moghaddam®, Jalal Saba?, Farid Shekari® and Muzaffar Roustaii*

1- Ph.D. Student, Zanjan, Zanjan University, Faculty of Agriculture, Department of Genetics and Plant Production
(Corresponding author: s.moghadam@znu.ac.ir)
2- Professor, Zanjan, Zanjan University, Faculty of Agriculture, Department of Genetics and Plant Production
3- Associate Professor, Zanjan, Zanjan University, Faculty of Agriculture, Department of Genetics and Plant

Production
4- Associate Professor, Maragheh, Dryland Agricultural Research Institute, Grain Research Sector
Received: July 22, 2020 Accepted: September 20, 2020

Abstract

Breeding new crop cultivars with efficient root systems carries great potential to enhance
resource use efficiency, plant adaptation to unstable climates and improve yields. Current study
was conducted to investigate the relationship between root characteristics with yield and yield
components in 24 lines and cultivar of bread wheat using complete randomized block design
with three replications in rainfed conditions of research farm of the University of Zanjan in
2017-18 and 2018-19 growing seasons. The results of combined analysis of variance showed the
difference between year and high diversity between genotypes measured for most traits.
According to the results of the study of genetic parameters, the highest heritability was related
to the number of grains per spike (70.328%) and the heritability of the most root traits was low.
There was a negative correlation between yields with the most root traits but root diameter. The
results of sequential path analysis showed that in the first stage of chain 1000-grain weight,
number of spikes per square meter and number of seeds per spike affected grain yield, and in the
second stage, root dry weight and diameter greater than 25" deep and root volume to a depth of
25" with effects on 1000-grain weight, root volume greater than 25°™ deep and root dry weight
to a depth of 25°™ with effects on spike number per square meter and root volume to a depth of
25" with effects on seed number per spike, they Indirectly affected grain yield. The results of
factor analysis led to the identification of four factors that explained 82.45% of the differences
between the data. Based on the results of cluster analysis, the studied genotypes were divided
into three groups. The cultivars and lines in the second group had the highest yield with the
highest root volume, diameter, dry weight, surface and length to a depth of 25",

Keywords: Genetic parameters, Grain yield, Root diameter, Sequential path analysis, Wheat
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