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ABSTRACT

In order to facilitate the selection of new genotypes, diversity evaluation and analysis of relationships of
effective traits on grain yield of rice in F populations produced by crossing of Anbarbo cultivar as mother
parent with semi dwarf and highly produced by Shafagh and Najafi as paternal parents, 450 F, genotypes
with three control varieties (Anbarbo, Shafagh and Najafi) were evaluated and grain yield and 16 different
agronomic traits were investigated. By comparing the descriptive statistics of the parental cultivars and the
resulting F> progenies, positive and negative transgressive se?regatlon was observed for most traits such as
yield, harvest index, peduncle length and number of fertile tillers. Dry weight of panicle, number of grains

er plant, b_iolog?ical %/ield, number of fertile tillers and grain per panicle, harvest index, 100-grain weight,

eight, panicle length and peduncle length had positive and significant correlations with grain yield. To
select grain yield justifying traits, stepwise regression analysis was performed and dry weight of panicle
,number of grain per plant, 100-grain weight, number of grains per panicle, first and second internode
lengths were introduced into the model as the most effective traits on grain yield. Path coefficient analysis
showed that the most direct and positive affecting traits were number of grains per plant (0.834), 100-grain
weight (0.348) and dry weight of ?anic_le (0.122), respectively. In this research, grain number per plant,
100-grain weight and dry weight of panicle were identified as selection indexes for improving grain yield
in rice and recommended for use in rice modification projects. According to the phenotypic variation
observed among F- progenies for different traits (variation range and coefficient of variation) in this study
and applying the desired segregation in breeding programs, it could be achieved new lines with the desired
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characteristics and increased yield in later generations.

Keywords: Path analysis, rice, stepwise regression, transgressive segregation.
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Tablel. Descriptive statistics of evaluated traits in parental cultivars

Anbarboo Najafi Shafagh
Characters Min Max Mean Range Ccv [S)td StD Min Max Mean Range Ccv Std StD Min Max Mean Range Ccv Std StD
ev Error Dev Error Dev Error
GY (gr/plant) 42 92 57.88 50 34.44 19.93 8.91 48 75.6 57.32 27.6 18.55 10.63 4.75 40 67 52.97 27 18.47 9.78 4.377
PH (cm) 108 125.7 118.26 17.7 6.95 8.21 3.67 56.3 72.8 62.84 16.5 9.906 6.22 2.78 69.1 83.25 74.55 14.15 7.31 5.45 2.43
PanL (cm) 20.5 28.3 23.56 7.80 13.79 3.25 1.45 20.1 22.5 20.96 24 4,52 0.94 0.42 25.2 28.2 26.32 3 4.64 1.22 0.547
PedL (cm) 34.5 40 37.28 55 5.48 2.04 0.914 17.4 21.31 19.49 3.86 7.36 143 0.64 22.41 33.6 25.61 11.19 18.4 471 2.10
FEN 24 54 36.8 30 34.12 12.55 5.616 34 42 39.8 8 8.408 3.34 1.49 42 47 454 5 4.56 2.07 0.92
NodN 3 3 3 0 0 0 0 2 3 2.6 1 21.06 0.54 0.24 3 3 3 0 0 0 0
FlagL (cm) 18.5 30 24.06 115 19.13 4.6 2.058 15.5 21 18.2 55 11.33 2.06 0.92 22.7 35.1 27.04 12.4 18.78 5.07 2.271
FNodL (cm) 3 3.6 4.68 3.3 30.94 1.44 0.647 1.1 25 1.64 1.4 34.11 0.55 0.25 1.8 3 2.54 1.2 17.8 0.45 0.202
SNodL 12 20 16.64 8 18.95 3.15 141 9.3 12.2 11.16 2.9 11.05 1.23 0.55 4.5 6.5 5.94 2 14.41 0.85 0.382
PanWst (gr) 52 105 70.6 53 28.53 20.14 9.008 58 90.72 70.34 32.72 17.26 12.14 5.43 54 80 66.51 26 14.78 9.83 4.39
GNo 1392 4623 2560.4 3231 49.17 1259 563.07 2124 2730  2338.6 606 9.88 231.21 1034 2051 3401 2699.4 1350 19.38 523.15 233.96
PanGNo 51 97 69.2 46 30.16 20.87 9.33 54 65 58.8 1 7.92 4.65 2.08 45 81 60 36 23.03 13.82 6.18
GL (mm) 7.4 9.1 8.182 1.7 8.001 0.654 0.292 7.84 9.1 8.47 1.26 5.81 0.49 0.22 9.3 10.33 9.86 1.03 4.18 0.412 0.184
GW (mm) 2.3 2.63 2.472 0.33 511 0.126 0.056 2.33 2.73 2.54 04 5.93 0.15 0.06 1.85 241 2.09 0.56 10.45 0.219 0.097
GW1t100 (gr) 1.99 3.26 2.408 1.27 21.14 0.509 0.22 2.26 2.77 2.43 0.51 8.07 0.196 0.08 1.86 2.07 1.966 0.21 3.81 0.075 0.033
Biomass 157 284.2 203.18 127.2 29.71 60.37 27.00 1195 2176 177.24 98.12 22.47 39.82 17.81 158 239 203.01 81 16.06 32.61 14.58
HI 222'2 33.23 28.58 11.01 15.62 4.46 1.99 25.1 40.17  33.05 15.06 16.87 5.57 2.49 20.92 34.81 26.39 13.89 19.57 5.16 2.30

6,55 ol 0,5 alols SNOAL w05 (sl b adsls Jobo alols FNOAL a3 551 Jsbo FlagL asmsy s 0,5 slows NOAN « 5l azesy slass FEN (JSily Jsb PedL « JsSly Jsb PanL sy ¢lis )| PH.asgy 3 Slas :GY

Max Jslas jlade :Min cisls ezl HI o« So5e090 o Sloe :Biomass ails w59 :GWHEL00 «ls 5,0 GW wails Job :GL algs ,o ails slows PanGNo gy ,o ails slows :GNO «abg> Sz (59 PANWL (g0

length; SNodL: Second internode length; PanWt: Dry weight per Panicle; GNo: number of grain per plant; PanGNo: Number of grain per panicle; GL: Grain length; GW: Grain width; GWt100: 100-grain weight;

Slxe gllas :StD Error «,Lae 81,50l :Std DeV ol s o o :CV ol s aiels (RANGE ¢, Kilo :MeaN « iSTos lado
Abbreviations: GY: Grain yeild; PH: Plant height; PanL: Panicle length; PedL: Peduncle length; FEN: Number of fertile tillers; NodN: Number of node in the tiller; FlagL: Flag leaf length; FNodL: First internode

Biomass: Biological yield; HI: Harvest index, Min: Minimum; Max: Maximum; Mean: Average; Range: Variation range; CV: Coefficient of variation; Std Dev: Standard deviation; StD Error: Standard error.



w3 S39lg8590m9 5T Dlie Ly g jglxie S (oot g5 a3l il oo Byl g s

YA

Ghixgr e S 5 homixgy e (S 5| ol Fo lacaisis po oud b)) Slao heogi slao)lol =Y Jgoor
Table2. Descriptive statistics of evaluated traits in F» genotypes derived from AnbarbooxNajafi and
AnbarbooxShafagh crossing.

AnbarbooxNajafi AnbarbooxShafagh

Characters Min Max Mean Range cv Std Dev St Min Max Mean Range cv St StD

Error Dev Error
GY (gr) 6.10 155 59.81 148.9 3846 23 1.49 20.2 113 66.03 92.8 26.91 17.76 1.22
PH (cm) 62 140 103.2 78 9.44 9.74 0.63 78 145 108.73 67 10.16 11.04 0.76
PanL (cm) 19 29 22.57 10 8.80 1.98 0.128 18.3 39.6 23.69 213 12.53 2.97 0.20
PedL (cm) 9 45 31.66 36 1305 4.13 0.267 17.2 42 28.108 24.8 20.52 5.76 0.39
FEN 5 70 35.31 65 2433 859 0.557 15 74 36.57 59 21.35 7.80 0.53
NodN 2.7 5 3.036 2.30 5.59 0.169 0.011 2.6 4 3.024 14 3.73 0.11 0.0078
FlagL (cm) 18 37 25.53 19 1299 331 0.2151 19 37 2541 18 12.41 3.15 0.217
FNodL (cm) 210 12 5.40 9.90 3527 1.90 0.123 14 12.5 418 111 50.79 2.12 0.146
SNodL 8.8 26 14.80 17.20 2324 344 0.223 7.3 74 12.11 66.7 43.26 5.24 0.361
PanWt (gr) 7.5 2128 73.85 205.3 37.18  27.46 1.78 25.2 142.8 80.11 117.6 25.76 20.64 1.42
GNo 278 5060 24468 4782 3482 85220 55.24 936 6100 2938.26 5164 27.43 806.14  55.62
PanGNo 9 104 68.83 95 2254 1551 1.005 37 165 80.46 128 19.08 15.35 1.059
GL (mm) 7 9.7 8.55 2.7 5.47 0.4689 0.0303 7 9.4 8.27 24 5.80 0.48 0.033
GW (mm) 1.70 33 2.48 1.6 9.7 0.2435 0.0157 1.7 3.7 2.48 2 11.04 0.27 0.189
GWt100 (gr) 130 45 241 3.2 16.60  0.401 0.026 1 35 2.27 25 15.38 0.34 0.024
Biomass 33'1 324.8 13757 3117 3414  46.97 3.044 43.9 276.4 153.85 2325 26.89 41.37 2.855
HI 6.90 627 43.24 55.80 2115 9.14 0.593 25.5 59.7 43.36 34.2 14.94 6.48 0.447

Job Flagl cazsy ,5 05 slaws :NOAN <9l azey slass FEN (STl Jobo PedL  JoSl Jgbo PanL asgs glas )| PH.a3gy o Slos :GY
gy o ails olaxs :GNO abgs> Sis 59 PaNWL pg0 0,5 b Jgl 0,5 alols :SNodL 0 )5 ol b adsls Jobo alols :FNOAL oz S 5o
wadls el HE (So5e0g0 o Slee Biomass «ls wo 39 :GWLEL00 «ls 6,6 :GW wls Job :GL alg> ;o als slass :PanGNo

StD Error ¢ Lse 81,0l :Std Dev ol s g 5o :CV ol s ails :RaNGE .Sk :MeaN (JiSlas lade :Max ¢ J8las laie :Min

)l.._‘m 6Ua§

Abbreviations: GY: Grain yeild; PH: Plant height; PanL: Panicle length; PedL: Peduncle length; FEN: Number of fertile tillers; NodN:
Number of node in the tiller; FlagL: Flag leaf length; FNodL: First internode length; SNodL: Second internode length; PanWt: Dry
weight per Panicle; GNo: number of grain per plant; PanGNo: Number of grain per panicle; GL: Grain length; GW: Grain width;
GW1100: 100-grain weight; Biomass: Biological yield; HI: Harvest index, Min: Minimum; Max: Maximum; Mean: Average; Range:
Variation range; CV: Coefficient of variation; Std Dev: Standard deviation; StD Error: Standard error.
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Table3. Transgressive segregation for different traits in F2 genotypes derived from AnbarbooxNajafi and
AnbarbooxShafagh crossing.

Transgressive segregation

AnbarbooxNajafi AnbarbooxShafagh

Characters TS (+) TS (-) TS (+) TS (-)
GY (gr) 68.74 -85.47 22.82 495
PH (cm) 11.37 - 15.35 -

PanL (cm) 2.47 -5.47 39.92 -10.73
PedL (cm) 125 -48.27 5 -23.24
FEN 29.62 -79.166 37.03 -375
NodN 66.66 - 33.33 -13.33
FlagL (cm) 23.33 - 5.41 -

FNodL (cm) 233.33 - 247.22 -22.22
SNodL 30 -5.37 270 62.22
PanWt (gr) 102.66 -85.57 36 -51.53
GNo 9.45 -80.02 31.94 -32.75
PanGNo 7.21 -82.35 70.10 -17.77
GL (mm) 6.59 -5.40 - -5.40
GW (mm) 25.47 -26.08 40.68 -8.10
GW1t100 (gr) 38.03 -34.67 7.36 -46.23
Biomass 14.28 -89.03 - -72.03
HI 8.68 -68.94 71.50 -

Jeb Flagl sy ;0 0,5 slass :NOAN «9,l azxiy slass :FEN ( JSClay Jobo PedL « JoSil Job Panb gy glas )l PH.as gy & Slos :GY
W, &ls slaws :GNO b Sis 59 PANWL (pg0 0,5 b Jgl 0,5 alold :SNodL 0 )5 ol b adsls Jobo alold :FNOAL o 5 S 5

sls e la HI (S 5elgm o ,Slos :Biomass ils ws (55 :GWEL00 ils (5,6 :GW s Job :GL adg> 1o ails slass :PanGNo
Abbreviations: GY: Grain yeild; PH: Plant height; PanL: Panicle length; PedL: Peduncle length; FEN: Number of fertile tillers; NodN:
Number of node in the tiller; FlagL: Flag leaf length; FNodL: First internode length; SNodL: Second internode length; PanWt: Dry
weight per Panicle; GNo: number of grain per plant; PanGNo: Number of grain per panicle; GL: Grain length; GW: Grain width;
GW1100: 100-grain weight; Biomass: Biological yield; HI: Harvest index, Min: Minimum; Max: Maximum; Mean: Average; Range:
Variation range; CV: Coefficient of variation; Std Dev: Standard deviation; StD Error: Standard error.
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Table4. Phenotypic correlation coefficients between different traits of F» generation genotypes of rice.

PH YG PanL PedL FEN NodN FlagL  FNodL SNodL Panwt GNo PanGNo GL GW Gwt100 Biomass  HI
PH 1
GY .252** 1
PanL 415** .180** 1
PedL 243** 0.107* .322*%* 1
FEN .200** .701** .138** .124** 1
NodN 0.085 0.036 0.065 0.037 0.072 1
FlagL .230** 0.074 .380** .320**  0.041 -0.06 1
FNodL .282** .107* .201** .282**  0.053 0.023  .175** 1
SNodL .275** -0.02 0.031 243** -0.01 -0.003  .221**  421** 1
Panwt 297** .855** 197+ JA116*  737**  0.044 0.07 147 0.039 1
GNo .258** 817** 176** 0.028  .706**  0.049 0.042 0.051 0.067 192%* 1
PanGNo .194** AT6** .120* -0.09 0.051 0.009 0.033 0.024 .101* 422%* 124** 1
GL  -.146** -0.03 -0.08 0.04 -0.05 0.039 0.003 0 0.058 -0.004 -0.06 -0.04 1
GW 127 .100* .140** -0.004  0.051 0.018 0 .0088 0.063 157** 114* 11+ 0.042 1
Gwt100 0.078 .307** 0.007 161**  0.082 -0.03 .102* 113* -0.03 .308**  -129** -.234%* .110* 0.96* 1
Biomass .397** .769** .285** 136**  .820**  0.058 106*  .132** 0.043 877** 740** 271%* -0.05 107* .207* 1
HI  -152**  348**  -147** -0.01 -.094* -0.04 -0.02 -0.04 -0.08 .210** .295%* .526** 0.066 .103* .322** -.145** 1

oy Sug ety Jleisl da )0 s e oS AR

*

6,5 b Jsl 0,5 aluols :SNOAL w05 5ol b aBgls Jobo alols FNOAL oz 5 2 Jsbo FlagL cazy 5o 0,5 slows NOAN )5,k amsy slass FEN o JSily Jsb PedL 5Kl Jsb PanL asg elis )| PH.asg o Slas GY

*, **: Significance at 1% and 5% of probability levels, respectively.
Abbreviations: GY: Grain yeild; PH: Plant height; PanL: Panicle length; PedL: Peduncle length; FEN: Number of fertile tillers; NodN: Number of node in the tiller; FlagL: Flag leaf length; FNodL: First internode
length; SNodL: Second internode length; PanWt: Dry weight per Panicle; GNo: number of grain per plant; PanGNo: Number of grain per panicle; GL: Grain length; GW: Grain width; GWt100: 100-grain weight;
Biomass: Biological yield; HI: Harvest index.
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Table 5. The variables entered into the stepwise regression model and the significance test of regression

coefficients.
Regression Standard .
Step Coe?‘ficients deviation Partial R® R* Total F
PanWt 0.10872 0.03598 0.7314 0.7314 1222.36**
GNo 0.02010 0.00119 0.0527 0.7841 109.45**
GWwWt100 19.11806 1.34136 0.0635 0.8476 186.21**
PanGNo -0.11024 0.03560 0.0039 0.8515 11.71*%*
SNodL -0.33558 0.09095 0.0033 0.8548 10.06**
FNodL 0.424 0.20073 0.0013 0.8561 4.07*

-26.02017 duse 5| o

Wils o 39 : GWLEL00 gy ;o ails olass :GNO cdligs i 59 PANWE 0o )0 S g i Jloio] grhaw )0 )l gime o jay 1 %9 *
0,5 gl b adsh Jgb alols : FNOdLpgs 0,5 G Jgl 0,5 alols :SNodL s> ,o ails slass PanGNo

*, **: Significance at 1% and 5% of probability levels, respectively. Abbreviations: PanWt: Dry weight per panicle; GNo: Number of
grain per plant; GWt100: 100-grain weight; PanGNo: Number of grain per panicle; SNodL: Second internode length; FNodL: First

internode length.
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Table 6. Path analysis and direct and indirect effects of traits on grain yield of F, genotypes derived from

the AnbarbooxNajafi and AnbarbooxShafagh crossing.
Direct Indirect effect

Variable effect PanWt GNo GWI100 PanGNo SNodL FNodL correlation
PanWit 0122 - 0.66 0.107 -0.039 -0.003 0.005 0.855
GNo 0.834 0.096 ) -0.045 -0.067 -0.006 0.002 0.816
GW1100 0.348 0.037 -0.108 ) 0.021 0.002 0.004 0.307
PanGNo -0.092 0.051 0.063 -0.082 ; -0.008 0 0.476
SNodL -0.075 0.004 0.055 -0.01 -0.01 ) 0.017 -0.017
FNodL 0.04 0.017 0.042 0.039 -0.003 -0.032 - 0.107

Residual effects (V1-R?)=0.38
0,5 b Jol 0,5 alold :SNodL calsg> ;o ails slass PANGNO &ils auo (59 : GWLL00 gy jo ails slass : GNO caligs Sz 54 :PaNWL
0,5 gl b ddsls Jobo alols : FNOdAL.pgo

Abbreviations: PanWt: Dry weight per panicle; GNo: Number of grain per plant; GWt100: 100-grain weight; PanGNo: Number of
grain per panicle; SNodL: Second internode length; FNodL: First internode length.

R16=0.005
R51=0.017

5o ailo slass) GNO X2 (aigs Sas y59) PANWE X1 aigy 0,Sloe 1Y e ol o a2 (SG8LE Jae —Y JSCs
X6 (pg 0,5 b Jsl 0,5 alols) SNOAL X5 «(aisgs ;o ails slaas) PANGNO X4 (4ils sus 39) GWE100 : X3 (aiqs

(6,5 gl b aBsbs Jsb aluls) FNoOdL
Figurel. Graphical model of path analysis Y: Yield, X1: PanWt, X2: GNo, X3: GW1t100, X4: PanGNo,
X5: SNodL, X6: FNodL. Panwt: Dry weight per panicle; GNo: Number of grain per plant; GWt100: 100-
grain weight; PanGNo: Number of grain per panicle; SNodL: Second internode length; FNodL: First
internode length.
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