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Introduction

Pepper is a rich source of essential vitamins and minerals. Like tomatoes, pepper plays an important role in
preventing heart diseases due to its high amount of antioxidants. Fruit vield is a complex trait that is not only
controlled by several genes, but also greatly influenced by the environment. On the other hand, fruit yield is
affected by a large number of other traits and their interaction. Therefore, it is very important for plant breeders
to know the relationships between these traits and their interaction effects. The path coefficient analysis is a
method that clarifies the relationships between traits and their direct and indirect effects on fruit yield. In this
method, the correlation coefficient between two attributes is divided into components that measure direct and
indirect effects. Considering the limited studies regarding the evaluation of relationships between fruit vield and
other traits affecting fruit yield in pepper, this research was conducted with the aim of identifying these
important relationships and evaluating their direct and indirect effects in Iranian pepper populations.

Materials and Methods

In order to carry out this research, the seeds of 30 Iranian pepper accessions were collected directly from the
farmers. The experiment was conducted in the form of pot cultivation in the research greenhouse of the Faculty
of Agriculture of Urmia University in a completely randomized design with five replications during 2015-2016.
After the flowering stage, the desired traits were estimated. Variance analysis was estimated, after examining the
basic hypotheses of variance analysis by SAS9.4, as well as the genotypic and phenotypic correlation between
traits based on the restricted maximum likelihood (REML) procedure in the SAS9.4 software. Step-by-step
regression analysis was used to determine the traits with the most variation justified the fruit yield. The Durbin-
Watson test was performed to investigate the independence of experimental errors. Analysis of path coefficients
was performed based on the results of stepwise regression and genotypic correlation of traits in the R V.4.0.5.

Results and Discussion

In order to understand the relationships between traits and use them in breeding programs, the phenotypic
correlation was estimated. In this study based on the results of phenotypic correlation, leaf width and leaf length
(0.651), single fruit weight and fruit circumference (0.784), fruit circumference and fruit diameter (0.625) and
pulp weight and fruit diameter (0.610), showed positive and significant correlation. The purpose of estimating
genotypic correlation coefficient is to determine relationships in conditions which in environmental factors are
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not involved. In the investigation of genotypic correlation, a positive, strong and significant relationship between
fruit yield and pulp weight (0.907), fruit circumference (0.891), fruit diameter (0.697), single fruit weight (0.646)
and around the plant (0.381) were observed. Given that most of these traits are factors contributing to fruit yield,
the presence of such positive and significant genotypic correlation coefficients is reasonable. It can be inferred
that pepper accessions with higher fruit characteristics, encompassing factors such as plant density and
branching, are likely to exhibit higher fruit yields as well. It's important to note that correlation coefficients are
mathematical tools used to measure the linear relationship between two variables. Their significance lies in their
mathematical interpretation, and as such, they alone do not provide sufficient proof of a cause-and-effect
relationship. Utilizing the results of stepwise regression, less impactful traits or those with minimal effects were
eliminated from the model. As a result, seven key traits were identified as the most influential factors affecting
fruit yield: pulp weight, plant density, fruit diameter, fruit count, plant height, total seed weight, and branch
count.The first characteristic was pulp weight, which was included in the model and explained 78.8% of the fruit
yield changes between genotypes. The second characteristic (around the plant) along with pulp weight explained
80.9% of the fruit yield variations. Fruit diameter, together with the previous two characteristics, explained
81.5% of fruit yield variations. In total, the traits included in the model for fruit vield justified 84.6% of the total
changes in fruit yield in 30 pepper accessions. In order to better understanding and more accurately interpret of
the results, as well as to know the direct and indirect effects and the effect of the traits that were entered into the
model through stepwise regression, the path coefficient analysis method was used in this research. Fruit diameter
(0.709) and pulp weight (0.289) respectively showed the most positive and direct effect on fruit vield. Fruit pulp
weight through fruit diameter had the most positive indirect effect (0.595) on fruit yield. Around the plant
showed an indirect positive effect on fruit yield through pulp weight (0.157), fruit diameter (0.392) and number
of branches (0.080).

Conclusion

In the present study, the trait of fruit diameter had a positive, strong and significant genotypic correlation
(0.697) with fruit yield, and it also showed a positive direct effect (0.709) on fruit yield, these two coefficients
can be considered equal, Approximately. Therefore, direct selection based on fruit diameter proves to be a
valuable strategy for enhancing fruit yield. The magnitude of residual effects serves as an indicator of the
model's accuracy in path analysis. When this value is substantial, it may be advisable to incorporate additional
causal variables into the model. In the current study, the residual effects value (0.213) affirms the model's
optimal accuracy.This research highlights the effectiveness of employing stepwise multivariate regression and
path coefficient analysis to gain a deeper understanding of the fundamental relationships between traits. It
underscores that relying solely on correlation relationships is insufficient for comprehensively justifying the
associations between these traits.
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Table 1- Characteristics of the collection areas of 30 Iranian pepper (Capsicum annuum L.) populations used in this study
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Table 2- Genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficient of yield and yield-related traits
in 30 Iranian pepper (Capsicum annuum L.) populations

NB L Lw PL PH AP NF SEW  FY FL FD FC PW
NEB 1 011%  007® 002%™ 04917  0487°  0365°  009° 0223° 0.18% 0152 0097  0269"
LL  0.052% 1 0819™ 0142 0387"  0631"  0244™ 0358" 0304 0145 0619” 0396  0375"
LW  0057™  0.651" 1 0223 0369  0447%  0297"  0446” 0328  0051® 0630 0403  0423"
PL 00117  009% 0171 1 0.167" 0.186" 0199° 0084 0038 0014™ 003" -0.04®  0053"
PH  0430" 0333 0303" 0129% 1 0.688"™ 004™ 02227 0473°  0131%  0281%  0206°  0.168"
AP 0312 0400 0268  009° 0433 1 0407" 0286 0381 0056 0553” 0326"  0543"

NF 0194 0122° o243 99 o4 0270% 1 012% 001" 044" 0320" 0175 0187

SFW 008" 0202 032" 005  0.192" 0411 0272 1 0646™  -001™ 0800 0871  0.665"

FY 0162 0243%  0202° 001  015% 0101 -0244" 053" 1 oaye 06977 08917 0907
N ns ns ns ns ns N ns - ns N * - o - * -

FL -012% 013 005™ 002" 006 0.06 aps  0045® 0172 1 2727 0163 o

FD  0105% 0442 04167 002" 0259 0546 03307 05777 04427 o 1 0791 0839

FC  0059™ 0314 0243 -003™ 0197 0.257" a5y 07847 07637 011 0625 1 0.864™
PW 0202 0267" 034" 00L™ 0072  0296"  0337" 0478" 065" .. 06107 0450" 1

TSW 0185 L Lo 0045%  014® -0.08" 0209°  -035% 0104  002%  -369" 0.10°  -0.26"

*% * ng

4 S0 Job PPL (o b & Sy oye (LW (g sl & Sy Jobo (LL sl slaws 2 NBuojd ) 90 Jlain! s 3 jl5 dime )5 dmo i g a0 g
eyt lus 4 oge Jobo (FL 0 )5 4 000 3, Slas (FY )3 4 0500 G 59 SSFW <0500 daas (INF (g0 Lo 0 &5 593 AP (0 5l 4 &5y iyl PH o 5l
255 4,0 S 059 i TSW )5 &4 cassS 59 PW e jia 5l & o0 595 FC <0 ls 4 o900 4l :FD
ns *and ™ Non-significant, significant at 5% and 1% of probability level, respectively. NB: Number of branches; LL: Leaf length
(cm); LW: Leaf width (cm); PL: Petiole length (cm); PH: Plant height (cm); AP: Round surrounding of bush (mm); NF: Number of

fruits; SFW: Single fruit weight (g); FY: Fruit yield (g); FL: Fruit length (cm); FD: Fruit diameter (cm); FC: Fruit circumference
(cm); PW: Pulp weight (g); TSW: Total seed weight (g).
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Ghazizadeh ) ;5o 4 00l5 .56 (Keshavarz et al., 2019)
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Jie ol 53 oawySy adolre Sl (sl 035 edlitnl pl8
o Slio plaw g dlaly jsie Glaie & ogme 3 )Slos ¢ y9am S
(Y Jgier) W0 45 )5 > e (sla pie lgie
3 b b beS Slio o8 4 25 (5 )S) s bl
g y-lad gy )9 (CudsS (1jg Cubo Cdd g K3 )T Bl Jie
Ot Olgs a adld ol g 5l S (g g g5 cogue Slass
039 s 19 S (V7 Jgia) B (sl 09s0 3 Sles p Clio
O Dy Slas @lyss s > YAIA g 0l Jae 5)lg 48 590 oS



VFA il glaodgs 50 ogae o yShos b baw po Silio s oy ks g (Stummsn (3] 0313 g 3 55

Jhab g (¢/YAY) Gos yod (+/A+V) CudsS jg b ogee 3 Sles Cino 3,Sdes clinl Wiels wyy 5> (RegO, 2009) §3, .cuisls & plio
2l b as sy xe g Cuto o558 (Siuwad (glyls (+/5AY) 050 0y Sloe o byl @ ¢ gl Jald gla 0355 ;3 b0 cudS g
Sy oSy oy lio (ul 93, cdllae (g )S) 4525 Lo 45 390 03,8 o)Ll pBeupls’ (gm0 ulis )3 48lo Jsbo g 0gee

g Jdo 4 00 (S (Stmed gl Gub el cillas pols ingd doi

Jad 0395 o 55 Jamo (51 ;oo (Jlps s Sy jolgd y90 Slho ;0 9 U i (i 4 09w 3, Sas PRl (ygmu )5 41525 Y g
! (Capsicum annuum L.)
Table 3- Stepwise regression analysis of fruit yield as dependent and other morphological traits as independent variables in
30 Iranian pepper (Capsicum annuum L.) populations

. 315! g S 5 g i L o o
Joo dgomd dyly piie S0P T "’”':’5"”"’ O g g b O o
Variable interred into Tawe o _ TS Juo bl Zuald F
the model Constant Standardized regression Partial R? R-Square Adjusted R-Square
coefficient
PW 2.59 0.680 0.790 0.790 0.788 515.27*
AP -9.57 0.084 0.022 0.812 0.809 15.70™
FD -8.58 0.281 0.007 0.819 0.815 5.49™
NF -14.91 0.131 0.017 0.836 0.831 13.46™
PH -17.66 0.139 0.008 0.843 0.837 6.40™
TSW -17.99 0.118 0.006 0.849 0.842 5.05™
NB -19.63 -0.088 0.005 0.854 0.846 461"

Durbin-Watson=1.738

*k Kk

wgso a3 (NF o 5l & 000 ylab :(FDjo Lo 4 &5y 555 : APep S 4y cssS 159 PW dopn ) 50 Jloin! pas )3 J13 dime gl dmepl csg sl g0 ™
A3L5 ol NB )3 4,4 S 0459 - TSW (e 5l & &5 gl :PH
ns *and *: Non-significant, and significant at 5% and 1% of probability level, respectively. PW: Pulp weight (g); AP: Round

surrounding of bush (mm); FD: Fruit diameter (cm); NF: Number of fruits; PH: Plant height (cm); TSW: Total seed weight (g); NB:
Number of branches
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Table 4- The results of path analysis using stepwise regression to determine the morphological characteristics affecting fruit
yield in 30 Iranian pepper (Capsicum annuum L.) populations

o G i i 51

Cdo PUCTWRN| Indirect effect through b"G tL! bl 3u| i N
) " e . . P . . L5 o Genotypic correlation
Trait Directeffect CulsS (jjg g2 y99 oo b8 ogmedland digr Wyl S gy Wl ith yield
PW AP FD NF PH TSW NB
MFf\SN i 0.289 -0.00016 0595  -0.061  -0.019 0.058 0.044 0.907*
32 99° -0.0003 0.157 0392 0133  -0.079 -0.036 0.080 0.381™
AP
9"’:’ 51‘3 0.709 0.243 -0.0001 0104  -0.032 -0.143 0.025 0.697"
1
?*;l :: - -0.327 0054  -0.00012  0.227 0.0045 -0.030 0.060 -0.012
s sl
“?bﬁHL”) -0.115 0.048 0.0002 0199  0.012 -0.053 0.081 0.173
A i 0.262 0.064 000004  -0.388  0.037 0.023 0.030 0.030™
TSW
s shs
“’:E:A’“ 0.165 0077  -0.00014 0107 0119  -0.056 0.048 0.223

oxiledly il 1 (Residual effects) = 0.213

o> Y g D Jless] pdaus )3 I3 e g Iy mapt i 4 Ty M

ns *and *: Non-significant, and significant at 5% and 1% of probability level, respectively.
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Figure 1- Path analysis diagram of morphological characteristics affecting fruit yield in 30 Iranian pepper (Capsicum
annuum L.) populations
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