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Extended Abstract

Background and objectives:

Flower yield in Rosa damascena is a complex trait that is affected by many traits and environmental factors.
Therefore, studying the relationships among traits can be an essential step in selection to improve flower
yield. Path analysis by identifying the main components of yield with a high direct effect plays an important
role in the selection success, especially indirect selections through yield components. Due to the lack of
resources in this regard, the present research aims to identify and determine the effective traits in flower
yield, estimate the relationships among traits, and analyze the causality to identify their direct and indirect
effects on flower yield via path analysis.

Methodology:

The germplasm used in this research included 49 genotypes of Rosa damascena Mill.) belonging to different
regions of Iran. One-year saplings of the genotypes were planted in April 2004 in the Zaleh research station,
Sanandaj (Kurdistan province, Iran), based on the randomized complete block design (RCBD) with three
replications and three plants in each plot with three meters of planting distance. Irrigation of the field was
carried out in drip form for 15 days. The investigated morphological traits (plant height, number of flowers,
etc.) in 2008 were measured on a 5-year old plant, and for the phenological traits (days until leaf opening,
flower opening, etc.) the average of three years (2006 to 2008) was used. Data variance analysis was done
based on RCBD design. Phenotypic correlation among traits was estimated, and path analysis was done in
three steps of estimation of direct, indirect and residual effects of traits on flower yield.

Results:

The results showed significant differences (p<0.01) among the genotypes for studying traits. The correlations
of phonological traits with flower yield (FY) were significantly negative, while its relationships with
morphological traits were significantly positive. The results of path analysis showed that the number of
flowers per plant (FN) and fresh flower weight (with the direct effects of P=0.97"" and P=0.33"", respectively,
and residual effects of R=0.195) were the main components of flower yield. The total green surface of the
plant (TGS) and plant crown diameter (with the direct effects of P=0.56" and P=0.28", respectively, and
R=0.395) were the main components of FN. Also, the number of leaves per plant and average leaf area (with
the direct effects of P=1.02"" and P=0.085", respectively, and R=0.237) were the main components of TGS.

Conclusion:

Thus, FN and FFW can be used in indirect selections for FY improvement in Rosa damascena. The other
studied traits affected FY indirectly via FN mainly (phonological traits negatively and morphological traits
positively). Although the correlation of the height and crown diameter of the plant with FY was positive and
very significant, the direct effects of the supplementary stages and the causality analysis sequence showed
that the crown diameter (horizontal growth) is more effective than its height (vertical growth) in the
reproductive processes of the rose. In other words, the genotypes with higher flower yield usually rise up to a
certain height and spread leaves after that.
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Table 1. Characteristics of the studied Rosa damascena genotypes
Row Genotype abbrev. Origin Row Genotype abbrev. Origin
1 EAL East Azerbaijan 1 26 AK1 Arakl
2 WAL West Azerbaijan 1 27 HO1 Hormozgan 1
3 AR1 Ardabil 1 28 HA1l Hamedan 1
4 1S9 Isfahan 9 29 YZ1 Yazd 1
5 1S10 Isfahan10 30 YZ2 Yazd 2
6 IL1 llam 1 31 IS1 Isfahan 1
7 TH1 Tehran 32 1S2 Isfahan 2
8 CMm1 Chaharmahall 1 33 IS1 Isfahan 3
9 QM1 Qom1 34 1S4 Isfahan 4
10 Kz1 Khuzestan 1 35 IS5 Isfahan 5
11 ZAl Zanjan 1 36 1S6 Isfahan 6
12 SM1 Semnan 1 37 IS7 Isfahan 7
13 SM2 Semnan 2 38 1S8 Isfahan 8
14 BAl Balouchestan 1 39 KR2 Kurdistan2
15 FAl Fars 1 40 KR3 Kurdistan3
16 FA2 Fars 2 41 KR4 Kurdistan4
17 Qz1 Qazvin 1 42 KR5 Kurdistan5
18 KR1 Kurdistanl 43 KR6 Kurdistan6
19 KM1 Kerman 1 44 KR7 Kurdistan7
20 KS1 Kermanshah 1 45 KR8 Kurdistan8
21 KO2 Kohkilloyah 2 46 KR9 Kurdistan9
22 KH2 Khorasan 2 47 KR10 Kurdistan10
23 GL1 Gulestan 1 48 KR11 Kurdistan11
24 GU1 Guilan 1 49 KR12 Kurdistan12
25 LO1 Lorestan 1

Path 2 )33l 5 51 eslaeal b e 4 525 5 MSTAT-C 3
2 el (Dewy and Lu, 1959) J 5 553 (2, 4

] shrogi ol 5 il )ly 42
PYyp-n vy CJI’ olols 45 5 e s L) c\-u
S NSRRI NS LU I B SARER S PR
Sl Shls s 2550 Olao ol 4l Luﬁ Shome
Tabaei ) s oLbi=e .auws (P<0.01) )5 e
Aghdaei et al., 2002, 2005; Kazemi et al., 2007,
Zeinali et al., 2007; Yousefi et al. 2009 a,b; Haghi

SLl b Gl et bl sl
Y odils e ] ke Gb Ol ke et
e S 53 () ] 51 Jis e 55 (Strad oy 2
Db o oo (Pyj) anly ine i

A3l 20 el &b sl aslasl s s,

Pry=V 1-R2 0 b,

Gl s o R%5 0usladl sls 51 Pry ool s &S

Chaugan and Moghadam, 1994; Yousefi et al., )
S olio gy Seeed ulo 3l sl (1996
eJo.i.un .\.;:- Q}wjf) 4\..:.“\.2.6 L;\J‘f ‘Mlnltab'14 )\}S‘rj;



N R e

Ghlie o Glate s 2 3550 SCE 55 |5 s )
L osb s p—g) go—e Slalsl 5 (S50 581 Calise
Slio ol Gl m (S8 g8 252 a5 (K2 55
-ty dsbe (2ol Dbl gl o 1) 25N ate) Wl e
SS9 5 (o smsda) (2 75 pline GLa

dles ol 3 hemma 8 53 (0 gl _man)

o Ol gae SN 55 o> ( Kashani et al., 2012;
5 S Slio Bl S Gaeme 8 o s
Sl s K83 f 5B sy Kl S ol £ I8 s Sas
(55 Slao Joli Gadss ol 53 ) 2 2550 Dlao
o s g oS a5 | Lag e S5s8) 50 Slao
3 Sae bl 5 o Cio 555 S5 S nay
3y 5mn Shmazma JS iz o 55 om0 aly oo S

e IS s g 3550 Slio o 5 sWoslel =¥ Joux

Table 2. Descriptive statistics of studied traits of the Rosa damascene genotypes

Trait Unit Mean Min Max Range CV% F value
Days to leaf bud opening Day 25.45 20.23 34.51 14.28 14.35 10.6**
Days to leaf completing Day 38.83 33.05 47.03 13.97 10.24 8.75**
Days to flower opening Day 55.13 48.69 62.85 14.16 5.81 4.01**
Days to end of flowering Day 84.43 72.56 226.61 154.05 26.13 7.20%*
Flowering period Day 29.47 15.96 170.27 154.31 75.07 7.04**
Growing period Day 330.85 268.84 365.00 96.16 10.46 8.99**
Pant height cm 118.06 56.18 170.98 114.79 18.34 6.23**
Pant crown diameter cm 191.47 82.26 270.09 187.83 23.50 5.54**
Leaflet area cm? 2.99 2.14 3.87 1.73 13.12 3.7**
Leaf number per plant N 3282.99 547.65 6658.41 6110.76 45.00 17.24**
Leaf dry weight g 0.23 0.14 0.35 0.21 16.63 1.20
Leaf area cm? 18.46 12.90 23.66 10.75 12.92 3.78**
Total green surface cm? 66779.3 9348.31 145923.4 136575.1 50.31 78.94**
Plant green area index - 1.36 0.59 3.99 3.40 38.43 1.25
Flower number per plant N 545.27 85.31 1081.98 996.68 45.78 12.69**
Flower fresh weight g 2.38 1.72 3.98 2.26 20.93 5.69**
Flower yield per plant g 1219.53 231.43 2963.27 2731.85 43.69 7.03**
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Table 3. Phenotypic correlation coefficients among studied traits of the Rosa damascene genotypes
Trait Abbr. DBO DLC DFO DEF FP GP H CD LTA LNP DLW LA TGS PGA FNP FFW
Days to leaf bud opening DBO 1
Days to leaf completing DLC 0.78" 1
Days to flower opening DFO  0.50™ 0.48™ 1
Days to end of flowering  DEF 0.20 0.04 -0.01 1
Flowering period FP 0.13 -0.02 -0.11  0.98™ 1
Growing period  GP -0.57"  -0.53"™ -0.46™ 014 021" 1
Pant height H -0.60™  -0.54™  -0.45™ -0.07 -0.08 0.40™ 1
Pant crown diameter ~ CD -0.64™  -054™ -052" -0.20" -0.12 050" 0.83" 1
Leafletarea LTA -0.38™  -0.30™  -0.28™ -0.09 -0.04 0.35™ 0.50™  0.55™ 1
Leaf number per plant LNP  -0.53"  -0.47" -048™ -011 -0.04 035" 074" 085" 0.50" 1
Leaf dry weight DLW  -0.21"" -0.20" -0.09 -0.04 -0.03 0.17" 0.46™ 042" 056™ 0.35™ 1
Leaf area LA -0.39"™  -0.30™  -0.29™ -0.09 -0.04 0.36™ 0.51™ 056" 0.98™ 052" 0.54" 1
Total green surface TGS -0.50  -0.45™  -0.50" -0.11 -0.03 0.34™ 0.71™ 0.80™ 0.53™ 096" 0.35" 0.75™ 1
Plant green area index PGI -0.17" -0.20" -0.20" 0.04 0.08 0.08 0.26™  0.26™ 0.17" 0.50™ 0.10 0.20" 0.49™ 1
Flower number per plant ~ FNP -0.54™  -0.50" -0.51" -0.16" 0.08 0.34™ 0777 0.84™ 055" 089" 035" 056" 0.89" 0.33" 1
Flower fresh weight FFW 0.40™ 0.33" 0.12 0.22™ 019" -0.22" -0.04 -0.19" -0.09 -0.18" 0.03 -0.10 -0.19" 0.00 -0.24™ 1
Flower yield per plant ~ FYP -0.41"  -0.40™  -0.44™ -0.10 -0.03 0.20" 0.76™ 0.76™ 0.54™ 082" 0.36™ 054" 0.82” 0.36™ 0.91™ 0.09

* and **: Significant at 5% and 1% levels of probability, respectively.
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Table 4. Stepwise and normal multiple regression analysis of the traits on flower yield of the Rosa damascene genotypes

S.ov DF SS values SS % MS Stepwise Multiple
Regression Regression

o =199 a=-632.3
Regression 16 64504698 4031544™ b values stage b values
Days to leaf bud opening 1 11325223 17.5% -1.743
Days to leaf completing 1 1078482 1.67% -8.771
Days to flower opening 1 4271353 6.62% 7.867
Days to end of flowering 1 377952 0.59% -1.368
Flowering period 1 1727068 2.68% 9.3" 4 1.320
Growing period 1 995586 1.54% -1.587"
Pant height 1 22204955 34.42% 1.206
Pant crown diameter 1 5116103 7.93% 11.07 5 -0.345
Leaflet area 1 1456499 2.26% 54.100
Leaf number per plant 1 3946946 6.12% -0.043
Leaf dry weight 1 245434 0.38% -341.40
Leaf area 1 37414 0.06% 2.860
Total green surface 1 626499 0.97% 1.82" 3 0.802
Plant green area index 1 4263 0.01% 16.800
Flower number per plant 1 6042951 9.37% 2.151™ 1 2.149™
Flower fresh weight 1 5047972 7.83% 422" 2 423.16™
Error 128 2596424 20285 R2= 95.6% R?2=96.1%
Total 144 67101123
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Table 5. Path analysis, direct and indirect effects of traits on flower yield according to phenotypic correlations of the Rosa damascene genotypes

Stasma & Cilitne a5 55 03 (o5 58 (Seres il b bl 1 S5 Shae 5 Slio Cole 4o 1 ol s b 5 ks Sla 31 Ol joe =0 U3

Trait Abbr DBO DLC DFO DEF FP GP H CD LTA LNP DLW LA TGS PGA FNP FFW Total
Days to Ibud opening DBO -0.012 -0.044 0.025 -0.023 0.014 0.05 -0.027 0.021 -0.019 0.055 0.006 -0.003 -0.055 -0.004 -0.536 0.133 -0.412
Days to leaf completing DLC -0.010 -0.056 0.024 -0.006 -0.004 0.046 -0.024 0.017 -0.015 0.049 0.005 -0.002 -0.049 -0.005 -0.491 0.111 -.401
Days to flower opening DFO -0.006 -0.028 0.050 0.001 -0.013 0.040 -0.020 0.017 -0.014 0.050 0.002 -0.002 -0.054 -0.005 -0.508 0.043 -0.440
Days to end of flowering DEF -0.003 -0.003 -0.001 -0.091 0.107 -0.013 -0.004 0.006 -0.005 0.012 0.001 -0.001 -0.013 0.000 -0.160 0.073 -0.106
Flowering period FP -0.002 0.001 -0.006 -0.110 0.109 -0.019 -0.001 0.003 -0.003 0.004 0.000 -0.001 -0.004 0.001 -0.082 0.064 -0.038
Growing period GP 0.006 0.029 -0.024 -0.016 0.023 -0.087 0.017 -0.017 0.016 -0.038 -0.006 0.002 0.036 0.001 0.333 -0.077 0.207
Pant height H 0.007 0.030 -0.023 0.008 -0.001 -0.035 0.043 -0.028 0.023 -0.078 -0.014 0.003 0.076 0.005 0.754 -0.015 0.760
Pant crown diameter CD 0.007 0.030 -0.027 0.022 -0.014 -0.044 0.035 -0.033 0.026 -0.089 -0.013 0.003 0.085 0.005 0.828 -0.064 0.763
Leaflet area LTA 0.004 0.016 -0.015 0.010 -0.005 -0.031 0.021 -0.019 0.047 -0.053 -0.017 0.006 0.056 0.003 0.545 -0.033 0.541
Leaf number per plant LNP 0.006 0.026 -0.025 0.013 -0.005 -0.031 0.032 -0.028 0.023 0.105 -0.011 0.003 0.103 0.010 0.874 -0.064 0.828
Leaf dry weight DLW  0.002 0.011 -0.005 0.004 -0.004 -0.015 0.019 -0.014 0.026 -0.037 -0.030 0.003 0.037 0.002 0.346 0.010 0.361
Leaf area LA 0.004 0.016 -0.015 0.010 -0.006 -0.032 0.022 -0.019 0.046 -0.055 -0.016 0.006 0.059 0.004 0.549 -0.035 0.545
Total green surface TGS 0.005 0.025 -0.026 0.012 -0.004 -0.030 0.031 -0.027 0.025 -0.101 -0.011 0.003 0.106 0.010 0.868 -0.065 0.828
Plant green area index PGI 0.002 0.011 -0.011 -0.005 0.008 -0.008 0.011 -0.009 0.008 -0.053 -0.003 0.001 0.052 0.020 0.331 0.001 0.361
Flower number per plant FNP 0.006 0.027 -0.027 0.018 -0.010 -0.030 0.033 -0.028 0.026 -0.094 -0.011 0.003 0.094 0.006 0.979** -0.082 0.919
Flower fresh weight FFW -0.005 -0.019 0.006 -0.025 0.021 0.019 -0.002 0.006 -0.005 0.019 -0.001 -0.001 -0.021 0.000 -0.239 0.334** 0.093
Residual effects= 0.195 obilasl sla I

RZqj = 96.1%
Multiple R=98.4%

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

The numbers on the matrix diameter are the direct effects of studied traits on flower yield
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Fig.1. Path diagram of flower vield components of the Rosa damascene genotypes
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Table 6. Path analysis, direct and indirect effects of traits on flower number per plant according to phenotypic
correlations of the Rosa damascene genotypes

Trait Abbr FP H CD TGS Total
Flowering period FP -.028 -0.001 -0.035 -0.020 -0.830
Pant height H 0.001 0.124 0.235 0.409 0.769
Pant crown diameter CD 0.003 0.103 0.282* 0.455 0.846
Total green surface TGS 0.001 0.089 0.226 0.569** 0.887
Residual effects=0.395 sulasl gl 5l

R2adj = 87.3%
Multiple R=94.0%

*and **: Significant at 5% and 1% levels of probability, respectively.
The numbers on the matrix diameter are the direct effects of studied traits

on flower yield
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Table 7. Path analysis, direct and indirect effects of traits on total green surface of plant according to phenotypic
correlations of the Rosa damascene genotypes

Trait Abbr LNP LA CD Total
Leaf number per plant LNP 1.024** 0.044 -0.102 0.967
Leaf area LA 0.534 0.085* -0.068 0.552
Pant crown diameter CD 0.871 0.048 -0.120 0.800
Residual effects= 0.237 sl ola 5l

R2adj = 95.3%
Multiple R=97.8%

*and **: Significant at 5% and 1% levels of probability, respectively.
The numbers on the matrix diameter are the direct effects of studied

traits on flower yield
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