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Table 1. Analysis of variance for root length, root weight, root number, shoot weight, root to shoot ratio, yield, plant height and peduncle

height
. MS ol oSl
5’ &3l5T 4y adyy dsb 4oy 0)s ady ) ol wlsm el 05 wlsm el 4 atyy Cos s gl Sy J b
z’; S.0.V. Sl S e df. Root length Root weight Root number Shoot weight Root to shoot Plant height Peduncle height
f; Replication oS5k 3 12.26™ 0.05" 20.33™ 436" 0.006" 56.99" 20.64"
3 Genotypes 555 35 29017 0.07" 9.99” 186" 0.002" 62.22" 18.36"
; Parents Ll 7 62.10” 0.12" 12.32" 0.83" 0.005" 99.40” 25.54"
2 F1 progenies Fl 7t 27 21.29" 0.06™ 9.72" 1.74" 0.002" 54.12" 17.09
% Parents VS. F1 FL s 55 bl 1 32.64™ 0.05" 10.69" 16.15" 0.000™ 74.78" 19.48™
__2 Error s 105 12.03 0.01 2.71 0.41 0.0003 9.16 5.61
i C.V (%) Dt 8 Ao 7.06 22.36 11.84 13.76 18.72 6.53 14.85

o3 ) 50 Jb‘&.ﬂ)bﬂé@#})‘é@.’.&ﬂb%JJQZ%}H}%}%{%LHS
ns,* and **: Not significant, significant at 5% and 1% levels of probability, repectively.
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Table 2. Griffing's analysis of variance for root length, root weight, root number, shoot weight, root to shoot ratio, yield, plant height and

peduncle height

MS Sl Sl

35T ey adyy dob adsy 0)s oy 2ldas wlsn el 055 wlsn el 4 ady ) o o gl S J b
S.0.V. Sl S e df. Root length Root weight Root number Shoot weight Root to shoot Plant height Peduncle height
GCA e o s i 7 21.7 0.120" 23.65" 290" 0.004"™ 873.117 37.017
SCA 20 22.8 0.040 4.86 1.29 0.003 199.61 15.90
(e gad
Error W 81 123 0.011 2.67 0.37 0.001 27.29 6.44
2. [ (22, +45.0) S Casd 0.23 0.50 0.62 0.43 0.32 0.70 0.40

* and **: Significant at 5% and 1% levels of probability, repectively.

.MJ:\}MJ}OJL&"cb.«/)))‘}&#})h@uﬂbgrtjﬁqiekek_ge:e
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Table 3. Genetic analysis of variance into additive (a) and dominant component in the Hayman model

MS Sl e Sl
3T ey atyy dob EENIP a3l @ls ol 035 @ls bl ks o $ 5l Sy J e

S.0.V. Sl e df. Root length Root weight Root number Shoot weight Root to shoot Plant height Peduncle height
a sl 7 62.0" 0.123" 1232 2.54" 0.005™ 99.55™ 25.54"

b e 28 21.0° 0.059" 942" 1.65" 0.002" 52.85" 16.56"

bl bl 1 12.9™ 0.014™ 0.89™ 0.04™ 0.000™ 6.27™ 2.20™

b2 b2 7 40.1” 0.032" 6.77 1.25™ 0.002™ 33.12" 8.64™

b3 b3 20 14.7™ 0.071" 10.77" 1.87" 0.001" 62.08" 20.06"
Error U 105 0.011 271 0.40 0.000 9.19 5.61

WAF Ul oF ojled (Fe—) " 309 9 Jlg5 (83154 dlxa”

o3 ) 50 Jb‘ch“)aj:‘s'u})l:‘_;'uﬂb 5 4wk g %NS
ns,* and **: Not significant, significant at 5% and 1% levels of probability, repectively.
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Table 4. Results of validity test for Hayman model

ago,y dsb Aoy 038 ko y sldas EPEYIREICSP @l Pl 4 atyy o G gl ISy Jsb
Test 0537  Rootlength  Root weight ~ Root number  Shoot weight Root to shoot Plant height ~ Peduncle height
Regression coefficient ~ Os=5 5 w22 1.01 0.62 -0.15 0.66 0.77 0.83 0.62
T test for b=0 b=0 (sl t 05057 3.56" 3.34" -0.37™ 3.09" 2.85" 4.86™ 3.34"
T test for b=1 b=l slntomT  L0,03™ 2.05™ 2.74" 1.60™ 0.85™ 1.00™ 2.05™

WAF Ul oF ojled (Fe-) " 309 9 Jlg5 (83154 dlxa”

o3 ) 50 Jb‘dﬁ.ﬂ)))‘:@#})h@uﬂb%JJQZ%}H}%J%{%LHS
ns,* and **: Not significant, significant at 5% and 1% levels of probability, repectively.
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Table 5. Estimated parameters from a diallel crosses in wheat

S PSR 005 T e S P P YRS PV VT YW PP 30 sk
Parameter ~ Rootlength  Root weight ~ Root number Shoot weight Root to shoot Plant height ~ Peduncle height
D 12.53+5.24  0.028+0.007 241+1.14 0.54+0.20 0.001+0.000 20.64+8.03 4.96+2.47
H1 23.32+47.52  0.034+0.007 4.31+1.47 1.15+0.25 0.002+0.000 23.76+9.07 8.80+2.97
H2 16.25+4.76  0.028+0.005 3.24+0.98 0.93+0.18 0.001+0.000 16.32+5.79 7.89+2.22
F 17.2348.43  0.014+0.009 0.47+1.48 0.36+0.26 0.001+0.000 5.70+10.37 1.76+3.20
2.98+0.30  0.003+0.000 0.66+0.06 0.09+0.01 0.000+0.000 4.25+0.44 1.42+0.14
?.'m 1.36+0.27 1.100£0.142 1.34+0.35 1.46+0.24 1.320+0.124 1.07£0.24 1.33+0.39
uv 0.17+£0.02  0.210+0.015 0.19+0.02 0.20+0.01 0.182+0.011 0.17+0.02 0.22+0.02
hbzs 0.64+£0.05  0.864+0.017 0.78+0.03 0.82+0.02 0.851+0.018 0.78+0.03 0.74+0.03
2 0.14+0.05  0.498+0.045 0.51+0.06 0.38+0.05 0.272+0.045 0.57+0.05 0.38+0.06

74y
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Table 6. Mean comparison of crosses parents using Duncan method at 5% probability level

iy dsb )y 055 4y 2l @l il 055l plil g aly; S G5 gl Sy Jsb

Parent Al Root length  Root weight ~ Rootnumber  Shoot weight Root to shoot Plant height ~ Peduncle height

(cm) e e (cm) (cm)
Chamran Ol 43.62c 0.30b 13.00bcd 5.16ab 0.06d 54.00bc 15.12bc
Ghods 8 49.25bc 0.43b 15.30ab 3.58¢c 0.12b 45.25bc 18.62a
Inia Ll 46.37c 0.32b 13.20bcd 3.70c 0.09bcd 43.50c 14.38¢
Kavir S 48.87bc 0.42b 11.80cd 4.38bc 0.10bc 45.12bc 14.95bc
Marvdasht Sy, 52.25ab 0.39b 11.40d 5.02ab 0.08cd 46.15bc 14.78bc
Niknejad sz e 52.72ab 0.36b 14.60ab 4.02bc 0.09bc 36.50d 13.12¢
Roushan ohs,  48.12bc 0.85a 14.10bc 5.10ab 0.17a 54.27a 20.48a
Sardari Sz, 56.16a 0.47b 16.60a 5.51a 0.08cd 45.87b 18.00ab

Means in each column with similar letters are not significantly different.
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Fig. 1. Wr on Vr regression line and scatter of parents for a) root length b) root weight c) root to shoot
ratio d) shoot weight e) peduncle and f) plant height. Numbers 1 to 8 denote parents including Chamran,

Ghods, Inia, Kavir, Marvdasht, Niknejad, Roushan and Sardari.

1aYd



06 S aleies Dl (S5 45!

u,i_EJ ol QL&; (? Jju\;‘) et éb}
dJ_'l.:fJJ C_-:JLG}LSA_."‘JB‘ J_;‘)‘)eru
BPS S [P VYU JEPUFIGH VNN PP V5
& 4 7 (Sharma and Lafever, 1991)
e ol 87 5 Jalibl,e g Glsbl )
S s 335 oy dSles , S oL
J_""JI.&_‘.RC_:AA\ od—as Olis (Y J)u\_>-)
Sy s 3l s gl 3 Sl 31
A.;{UJ’,_:?('/YV) L;APJ('//\D) S —E
jbjsbsy&”ﬁ‘ﬁlﬁptjs%dﬁ;ow
H)Jd&uuﬁj)cc‘uﬁ‘déjj
) 3 g e el 058 G sla o
el Cio pl 3154 gl 5 (Slo i Sy
L g oo oSO S s ol gy 5 S
a5 Lo e slgiiy i hla ol
Sls & g, o8, (e JS8) WI/VT e
Jadar) 55 2lsm ol 4 aly ) Cond o 2
(Wil Slabes Iuw I aols STl (5
ou\..i‘_)s‘wu..’.‘ Ls‘_;-’ u}l:u LSquT U'.'.‘J"L"'
.JJJ}.:
PUSL Lads @ 0,8 5154 (g s
ails (J._f ©olsas 5> Glawe 28 Rht
odd oslaiwl (¢al55a (gaaal 4 45 ‘gioajt.wf
gLs)l s Je o087 65101 zals el ol
ool Jgems Ll 28 (oM el o LS
At (Sas 55 bl s Calis Slos gt
Ak ags cpl s (Ellis et al., 2004)

(Y+/FA) JSSI, Jsbo 5 OF/YV) 45 5 Lis

7av

g bosb e Ll i il (6315
O3 1)ls b gy 5 258 sland; b IS
S ol odals 55 slaolSe op iy
o Slm Bl o Sl (e slaor3)
S5 595 2 e S s5 4 b OIS
T by G Sl S e (651N L
Sl g 5 slacale L s Lo o falS
o= 51 (Spielmeyer et al., 2007) 45"
o Ul 055 (S s a5 s )
=50 AR om0 el ket i
(F/OA) o o35 5 (s (B/0) (515 o
Ao S A 5 L gl e 055 o S
=5 AL CIPP) hg)y 08, .(F J s
Sy o5 5 bl o S omly (/P s
5 Sl em ST Azbls () oages
B S o (S5 S 53 ol
(Y dsizr) S0 S I (F ) wimils
3 gl 5885, 5 Cole i a8 sl ol
23T 5 e Sy Silg ok M
ool Olas 55 (YA 5 IAY CS 5 a)
o) S5 S s el bl i
OHLSen 5 UK 55 4S8 s 50 Cdeo
Sl S PL"‘ (Derikvand et al., 2004)
CAlts S ol K5 J RS 5 el
Syl
Bl (glsn el 4 aly ;) Sl o 2
(50 Glate OT (0 28" 5 (1WV) (s o3
ol an s (F Jgd) 55 (/0 9) O e



AT Lo F oyled o) Al " 3 9 g (88154 dlxa”

e GBI b 08, pl 35 o o5 (S
03 5= 11> o 9 5 s lais
Ll e Yo (o pee (6 =S 5 ok
ST e L ) e Dls sa s !
Sl (S i fete b5 o)
=¥ 51 S5 (Abdolshahi et al., 2013)
Wl s Gl ) e (085 () Jooed
23 050 Al GO 085 ) S ey
50050 W e nl b 2 iy o
Sy i) g 2l 6l = ()13 e
Sl bY 5 Sl s O s fme 355
03 Sl o Sl odias Ol Slaw plos
S 3 03 (i AS (o Jes L S
s el B 55 SLO Sl (s e
Sla S oy 1 ol opl s oialS” Ko
) o 5 Bl i ) o555
AN A a5 LA e 5 S
o 42 b Slio 87 s (1382
Slrods 03 Laliw (1l 3 g 6l 2 eada)
5 ob eSS eSS b sla iy gola
I8 53 550 o0 dmo 5 A shla 1l
JB A Gl Ak, 055 S5
Sl S Sl 33 oplpl syl gld>d
WL 5 Slozmd gy 5l s et 3 g
A ) O35 4 el 255 ealinal (225

) 6“’}1}

SRl
s sl il s I 08w,

ZaA

2 Glaze LOT o ol S 5 gy o8y 4 bgs e
352 OFNY S Y20 55 40) 3156855 o5,
e 5 a5l s e (B Jgus)
Sliw ol J,28 53 (ol —me Hsb s
laasl gkt s ool A als 2d
(Ramshini ef al., 2012) 0,Kes 5 il
LS 5 056 53 505 O b 1l
Iy o=l & 51 (Derikvand et al., 2004)
o ar S L o f e S pl RS 0s
cls slap—s, (Of JS2) Wi/ Vr v
S G Slathe sl 4 s &5 ¢8|
S Ay e O L s
Slo gz 53 Us g odoals LI sla JIT
ST L e 55 b 4 455 gl 4 b gy o
% L) a1 el 5 it o3 I
s ¥ Jgdm 534S 5 4b Olen Lsd s
S cpl sl gy ool s s Hls gaa DY o
AR B s el B 35 L0 S S
s ¢85 B eds Sl el ol s o ialS
Slatbue sl 3 Sodls 1y gLl o i oS
Il 5 455 gLl (sl m sl ails dwols
kB YL iy ) S
Lo (mledls ) (popee 0 S 5
Ol e g cmlin SO b 5 gLl il
o g 63 e glaasl 53 o lae Al
235
3 oslizal b oS 4ty ) ot Mol 51
ST cglo s ) W, cxwe sla i)

s 5 (SSS Ol au dgs 0B oo b



b ok s Slio (S5 o5
RS 055, o) S Colem bl o O o
References

Abdolshahi, R., Safarian, A., Nazari, M., Pourseyedi, S., and Mohamadi-Nejad, G.
2013. Screening drought-tolerant genotypes in bread wheat (Triticum aestivum L.)
using different multivariate methods. Archive of Agronomy and Soil Science 59(5):
685-704.

Ahmadi, J., Zali, A. A., Yazdi-Samadi, B., Taleei, A. R., and Ghanadha, M. R.
2004. Genetic study of wheat (Triticum aestivum L.) root characteristics under
drought stress condition. Iranian Journal of Crop Sciences 6(4): 426-437 (in Persian).

Anonymous 2004. Base SAS 9.1 Procedures Guide. Cary (NC): SAS Institute Inc.

Anonymous 2010. Minitab 16 Statistical Software. State College (PA): Minitab Inc,
USA.

Baker, R. J. 1978. Issues in diallel analysis. Crop Science 18: 533 — 537.

Dere, S., and Yildirim, M. B. 2006. Inheritance of plant height, tiller number per plant,
spike height and 1000-kernel weight in a 8 x 8 diallel cross population of bread
wheat. Cereal Research Communications 34: 965-972.

Derikvand, R., Farshadfar, E., and Nazarian, F. 2004. Genetic study of some
morpho-physiological traits in bread wheat lines under dryland conditions using
diallel cross. Seed and Plant 20(4): 429-444 (in Persian).

Dhanda, S. S., Sethi, G. S., and Behl, R. K. 2004. Indices of drought tolerance in
wheat genotypes at early stage of plant growth. Journal of Agronomy and Crop
Science 190: 6-12.

Ellis, M. H., Rebetzke, G. J., Chandler, P., Bonnet, D., and Spielmeyer, W. 2004.
The effect of different height reducing gens on the early growth of wheat. Functional
Plant Biology 31: 583-589.

Falconer, D. S., and Mackay, T. F. C. 1996. Introduction to Quantitative Genetics. 4th
ed. Longman, London, UK.

Griffing, B. 1956. Concept of general and specific combining ability in relation to

diallel crossing systems. Australian Journal of Biological Sciences 9: 463-493.

$44



AT Lo F oyled o) Al " 3 9 g (88154 dlxa”

Hayman, B. L. 1960. The theory and analysis of diallel crosses. IIl. Genetics 45 (2):
155-172.

Jinks, J. L. 1954. The analysis of continuous variation in a diallel cross of Nicotiana
rustica varieties. Genetics 39: 767-788.

Jinks, J. L., and Hayman, B. 1. 1953. The analysis of diallel cross. Maize Genetics 43:
223-234.

Lilley, J. M., and Kirkegaard, J. A. 2011. Benefits of increased soil exploration by
wheat roots. Field Crops Research 122: 118-130.

Mather, K., and Jinks, J. L. 1982. Biometrical Genetics. Chapman & Hall, London,
UK.

Mohammadi, M., Karimzade, R., and Abdipour, M. 2011. Evaluation of drought
tolerance in bread wheat genotypes under dryland an supplemental irrigation
conditions. Australian Journal of Crop Science 5(4): 487-493.

Mostafavi, K., and Zabet M. 2013. Genetic study of yield and some agronomic traits
in bread wheat using biplot of diallel data. Seed and Plant Improvement Journal 29-1
(3): 503-518 (in Persian).

Nazeer, W., Hussain, T., Khan, M. A., Naeem, M., Amjid, M. W., and Hussain, K.
2013. Mechanism of inheritance forq Quantitative traits in intera-specific crosses of
Triticum aestivum L. World Applied Sciences Journal 22 (10): 1440-1448.

Olivares-Villegas, J. J., Reyolds, M. P., and McDonald, G. K. 2007. Drought-
adaptive attributes in the Seri/Babax hexaploid wheat population. Functional Plant
Biology 34: 189-203.

Ouk, M., Basnayake, J., Tsubo, M., Fukai, S., Fischer, K. S., Cooper, M., and
Nesbitt, H. 2006. Use of drought response index for identification of drought
tolerant genotypes in rainfed lowland rice. Field Crops Research 99: 48-58.

Ramshini, H., Fazel-Najafabadi M., and Bihamte, M. R. 2012. Inheritance of some
traits in bread wheat using diallel method at normal and drought stress conditions.
Cereal Research 2(1): 1-15 (in Persian).

Richards, R. A.,and Lukacs, Z. 2002. Seedling vigour in wheat-sources of variation
for genetic and agronomic improvement. Australian Journal of Agriculture Research

53: 41-50.



ool G5 e (gl 4 o gl wlio pluli

Sharma, R. C., and Lafever, H. N. 1991. Variation for root traits and their genetic
control in spring wheat. Euphytica 59(1): 1-8.

Spielmeyer, W., Hyles, J., Joaquim, P., Azanza, F., Bonnet, D., Ellis, M.E., Moore,
C., and Richards, R. A. 2007. A QTL on chromosome 6A in bread wheat is
associated with longer cloptiles, greater seedling vigor and final plant height.
Theoretical and Applied Genetics 115: 59-66.

Tardieu, F. 2012. Any trait or trait-related allele can confer drought tolerance: just
design the right drought scenario. Journal of Experimental Botany 63(1): 25-31.

Wasson, A. P., Richards, R. A., Chatrath, R., Misra, S. C., Prasad, S. V. Rebetzke,
G. J., Kirkegaard, J. A., Christopher, J., and Wat. M. 2012. Traits and selection
strategies to improve root systems and water uptake in water-limited wheat crops.
Journal of Experimental Botany 63(9): 3485-3498.

Watt, M., Magee, L. J., and McCully, M. E., 2008. Types, structure and potential for
axial water flow in the deepest roots of field-grown cereals. New Phytologist 178:
135-146.

Yasuo, U. 1998. Diall 98 Software for Diallel Analysis. Laboratory of Biometrics,
Graduate School of Agriculture Life Science, University of Tokyo, Japan.

Zhang, X., Chen, S., Sun, H., Wang, Y., and Shao, L. 2010. Water use efficiency and
associated traits in winter wheat cultivars in the north China plain. Agriculture Water

Management 97: 1117-1125.

vy






