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ABSTRACT

Regarding the primary cultivation of Amaranthus hypocundriacus var. Cim and var. Kharkofski in Iran,
evaluation of the direct and indirect effect of each yield component on the final yield, by the means of
path analysis is highly important. This research was conducted in 2010 at the Veterinary Science
Ingtitute, Karaj, Iran. Experimental design was split plot in time in the form of a randomized complete
block design with four replications. The main factor was planting season (spring and summer) and the
sub factor was two amaranth varieties (Amaranthus hypocundriacus L. var. Cim and var. Kharkofski).
Results indicated a significant positive correlation between stem yield with plant height (0.98**), leaf
length (0.89**), leaf width (0.45*), petiole length (0.83**) and stem diameter (0.92**). There was also a
significant correlation between total biomass yield with plant height (0.98**), leaf length (0.87**), |eaf
width (0.47*), petiole length (0.92**) and stem diameter (0.91**). The result of principle component
analysis indicated that in the first prin, traits such as plant height, stem yield, leaf yield, flower and
biomass yield contributed to about 80% of variations. The result of stepwise analysis of the traits that
affect the dependent variable (biomass yield) indicated that four traits including flower yield, stemyield,
leaf yield and petiole yield entered to the model respectively. The result of path analysis showed that stem
yield had the highest positive direct effect on biomass yield and had determination of 0.482 of the total
variations. Flower yield which was the first trait entering the model, was the second most effective trait
on biomass yield with determination of 0.294. Therefore, it can be concluded that stem yield had the
highest effect on biomass yidd and after that, flower yield, leaf yield and petiole yield were the most
effective traits on biomass yield, respectively.

Keywords. amaranth, correlation, path analysis, stepwisdyars, principle component analysis.

INTRODUCTION

Amaranth is an annual plant with great variabilityheight; in some species it may reach to
more than 2 m [16]. This genus has 60 species wat&] nine of them are found in Iran. Leaves
and seeds of this plant are valuable in medicipigesand forage production [6]. Multiple uses
has caused this plant is cultivated in differenttaf the world such as China, south eastern
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Asia, Africa and America [5]. Amaranth is a warnasen plant with ¢photosynthetic pathway
thathas made it highly adapted to tropical sunny regid, 13]. The minimum temperature for
amaranth germination is 13-15[11].

Amaranth is a medicinal plant with high value. lbyaides body with vitamin C, purifies blood,
soothes cough and improves general heath [2, fierBnt compounds are detected in amaranth
such as alkaloids, triterpenoids, anthocyaningyvim C, amaranthine and isoamaranthine [10].

The correlation between traits can be caused duket@womplicated interactions, uncontrolled
influences or unknown factors [15]. The objectiveoefficients path analysis is to combine the
guantitative information of the correlations withet qualitative information to reach a
guantitative analysis [1]. Coefficients path analyas a standardized partial regression analysis,
is able to determine the direct effect of traitseach other. Moreover, it makes it possible ta spli
the correlation coefficient to its direct and iredit components [15]. Genetic correlation
coefficient is more important than phenotype catieh coefficient, because in genetic
correlation coefficient, the effect of external aarvironmental factors is removed or minimized
[15].The double correlation between the morpholalggnd biochemical traits has been a method
conducted on different Menta sp. [3, 8]. Mirzaieddashan et al. (2006) conducted path
analysis over the traits which were effective oseesial oils content in three thymus species and
concluded that the number of stomata and leaf lehgtl the highest direct effect on essential
oils content [9]. Abbaszadeh et al. (2011) repottett in Mentha longifolia var. amphilema,
essential oil yield was significantly correlatedftower yield, flower essential oil content and
yield, leaf yield, leaf essential oils content aeld (P<0.01) [4].

The objective of this experiment was to evaluate @mmaranth varieties and find the most
effective traits on their yield.

MATERIALSAND METHODS

This experiment was conducted in 2010 at the Mfedeyi Science Institute, Karaj, Iran, to
evaluate the traits with the highest effect on shoeld of two imported amaranth varieties
(Amaranthus haypocoundriacus). The field is located in 3%48' N, 5f E and 1320 m above the
sea level. Mean annual precipitation of the are28% mm, minimum temperature is °20) the
maximum temperature is 28 and the dominant winds blow from west to east smath west.
Experimental design was split plot in time in tleeni of a randomized complete block design
with four replications. The main factor was plagtiseason (spring and summer) and the sub
factor was amaranth varietie&ngaranthus haypocoundriacus L. var. Cim and var. Kharkofski),
which were imported to Iran for the first time.

Plots size was 5 x 6 m, rows were 75 cm apart aadsswere planted with interspace of 50 cm.
At the time of field preparation, 50 kg urea/ha vadsled as the starter to support plants growth.
Irrigation and weeding were conducted during thengng season.

At the end of the growing season, when plants va¢reeed maturity stage, yield components
were evaluated to measure the total dry weighthtBhere harvested and were quickly weighted
to obtain the fresh yield. Then, samples were dneaben air condition and some parts of them
were put in 75°C oven for 48 hours, and were wehod obtain the yield in hectare. Data were
first tested for their normality and were then gmatl by SAS software. Path analysis was also
performed by path software.
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RESULTS

Table 1. Thecorrelation of the measured traits

Leaf Stem Petiole Flower Total
dry dry dry dry dry
weight weight weight weight weight

Plant Leaf Leaf Petiole Stem Internode Inflorescence
height length width length diameter length length

Plant height 1
Leaf length 0.90** 1
Leaf width 0.42* 0.23ns 1

Eﬁg‘t’r’f 0.90% 082" 055* 1

gitzfnr?eter 0.92* 0.90* 0.47* 0.95** 1

:Qﬁgt?fde 023ns 014ns , /. 005ns  0.06ns 1

:Qggiﬁscence 0.89% 0.85% 050* 091* 091*  0.13ns 1

bvee?;ﬁtry 0.93% 079 051* 083* 081* 0281s  0.83" 1

fvfi;]nh?ry 0.98* 0.89* 045% 0.93* 092  0.22ns 095%  03* 1

fggﬂf dY  0oe+ 086~ 046* 088~ 089% 032ns  0.86%  08% 095 1

\fvggﬁ{ Ay oog~ o086 048 092 091%  026ns  091%  0€* 099% 097% 1
\Tvc:ig'h?ry 0.98% 0.87* 047* 092% 091*  025ns 092"  0&% 099% 097* 099% 1

ns, nonsignificant; *, significant at P<0.05; **, significant at P<0.01.

Determining the correlation of the measured tréitablel) indicated that leaf length was
significantly correlated to plant height (0.90*t)eaf width was significantly correlated to plant
height (0.42*). Petiole length was significantlyri@ated to plant height (0.90**), leaf length
(0.82**) and leaf width (0.55*). Stem diameter wamgnificantly correlated to plant height
(0.92*%), leaf length (0.90**) and leaf width (0.4 Inflorescence length was significantly
correlated to plant height (0.89**), leaf length.§5**), leaf width (0.50%), petiole length
(0.91**) and stem diameter (0.91**). Leaf dry weighas significantly correlated to plant height
(0.93**), leaf length (0.79**), leaf width (0.51*)petiole length (0.83**) and stem diameter
(0.81**). Stem dry weight was significantly corredd to plant height (0.98**), leaf length
(0.89**), leaf width (0.45*%), petiole length (0.88*and stem diameter (0.92**). Flower dry
weight was significantly correlated to plant heidbt98**), leaf length (0.86**), leaf width
(0.48*), petiole length (0.92**) and stem diametf.92**). The total dry weight was
significantly correlated to plant height (0.98*fgaf length (0.87**), leaf width (0.47*), petiole
length (0.92**) and stem diameter (0.91**). Planeight was significantly correlated to
inflorescence length (0.89**), leaf dry weight (8*8), stem dry weight (0.98**), petiole dry
weight (0.96**), flower dry weight (0.98**) and tat dry weight (0.98**). Leaf length was
significantly correlated to inflorescence (0.85*tgaf dry weight (0.79**), stem dry weight
(0.89**), petiole dry weight (0.86**), flower dry aight (0.86**) and total dry weight (0.87**).
Leaf width was significantly correlated to inflooesice length (0.50%), leaf dry weight (0.51%),
stem dry weight (0.45*), petiole dry weight (0.46fjower dry weight (0.86**) and total dry
weight (0.87**). Stem diameter was significantlyriadated to inflorescence length (0.91**),
leaf dry weight (0.81**), stem dry weight (0.92**jlower dry weight (0.91**) and total dry
weight (0.91**). Inflorescence length was signifitly correlated to leaf dry weight (0.83**),
stem dry weight (0.95**), flower dry weight (0.91}"and total dry weight (0.92**). Leaf dry
weight was significantly correlated to stem dry g¥ei(0.93**), flower dry weight (0.96**) and
total dry weight (0.96**). Stem dry weight was siggantly correlated to flower dry weight
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(0.99**) and total dry weight (0.99**). Finally, dwer dry weight was significantly correlated to
total dry weight (0.99**).

Results of principal component analysis (Tablengjidated that four firs prins explained more
than 97% of the variations. In the first prin, ab80% of the variations were related to traits
such as plant height, stem dry weight, leaf yidlohver yield and total biomass vyield. In the
second prin, internode length was the most effectnait. In the third prin, leaf width and
internode length had the highest effect. In thehfqrin, stem diameter, internode length and
inflorescence length were the most effective trarts/ariations.

Table 2. Principal component analysisfor the measured traits

Traits Prinl Prin2 Prin3 Prin4
Plant height ~0.317 0.05 -0.068 -0.195
Leaf length 0.29 0.072 -0.413 0.056
Leaf width 0.166 -0.534 _0.725 0.129
Petiole length 0.306 -0.161 -0.048_ 0.322
Stem diameter 0.306 -0.107 -0.191 0.357
Internode length 0.069 _ 0.7990.458 0.345
Inflorescence length  0.304 -0.072 -0.066 _0.433
Leaf dry weight 0.305 0.067 0.188 -0.544
Stem dry weight _0.32 0.032 -0.05 0.004

Petiole dry weight _0.314 0.109 0.068 -0.226
Flower dry weight ~0.32 0.05 0.045 -0.181
Total dry weight ~0.321 0.05 0.019 -0.144
Special values 9.569 1.216 0.704 0.214
Relative variance 0.797 0.101 0.058 0.017
Cumulative variance 0.797 0.898 0.957 0.975
Underlined numbers have more value in principal components.

Results of stepwise regression of the traits whiene effective on total biomass yield (as the
variable factor) showed that flower dry weight,nstdry weight, leaf dry weight and petiole dry
weight entered themodel, respectively (Table3). The model is below:

Y =0.03160 + 0.99985X + 1.00005X 1.00016X% + 1.00004%

In this equation:
Y = total dry biomass,
X = flower dry yield,
X, = stemdry yield,
X3 = leaf dry yield,
X, = petiole dry yield.

In the above model, R-square was 0.99977; indigativat the traits explained 99% of the
variations of the total dry biomass. Flower dry gieiwas the first trait entering the model and
had the highest correlation coefficient (r = 0.99P@ith the total biomass. The second trait was
stem dry weight which had positive significant ebation with the total biomass yield (r =
0.99413). The third trait was leaf dry yield whialas significantly correlated to total biomass
yield (r = 0.96363). Finally, the forth trait wastmwle dry yield which was significantly
correlated to total biomass yield (r = 0.97680thAlgh these traits explained more than 99% of
the variations together, however, the second, taird forth traits had the partial R-square of
0.0013, 0.0003 and 0.0004, respectively.
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Table 3. Steps of stepwiseregression analysisfor the measured traits

Steps of stepwise regression analysis

Traits entered to the model

Step 1 Step 2 Step 3 Step 4
The fixed number -1354.06728 -631.64175 -493.30706831160
Flower dry yield 3.36799 2.51633 1.80664 0.99985
Stem dry yield - - 0.77857 1.00005
Leaf dry yield - - 0.75685 1.00016
Petiole dry yield - - - 1.00004
Partial R-square 0.9980 0.0012 0.0003 0.0004
Model R-square 0.9980 0.9992 0.9995 0.9999

Results of path analysis (Table 4) indicated thétoagh flower dry weigh was the first trait
which entered to the model of stepwise regresdiomever, it was the second most effective
trait based on its direct positive coefficient @2 Stem dry weight was the first trait here with
the direct positive R-square of 0.482. Leaf dryd/end petiole dry yield were the third and forth
traits with the highest direct effect on total basa yield. In the second step, flower dry weight
had the highest indirect positive effect on totainiass yield (0.291). Leaf yield was the third
most effective trait (0.125) with indirect effeat total yield. However, its indirect effect through
flower dry yield (0.285) and stem dry yield (0.4bas more important than its direct effect.
Petiole dry yield was the fourth trait entering thedel; the direct effect of this trait (0.106) was
lower than its indirect effect through flower yie{0.288), stem yield (0.461) and leaf yield
(0.119). Finally, it can be concluded that stemdyidower yield, leaf yield and petiole yield
were the most effective traits on total biomassdyie

Table 4. Path analysisand the direct and indirect effect of traits entered to the stepwise regression analysis model

Traits entered to the model Flower dry yield Stesnydeld Leaf dry yield Petiole dry yield

Flower dry yield 0.294 0.291 0.285 0.288
Stem dry yield 0.478 0.482 0.45 0.461
Leaf dry yield 0.121 0.117 0.125 0.119
Petiole dry yield 0.104 0.102 0.101 0.106
Total 0.999 0.994 0.963 0.976
Residual effect - 0.001 - -

Underlined numbers are the direct effects
DISCUSSION

In this experiment, path analysis was conductefint the direct and indirect effect of traits
entered to the model on total biomass yield. Thisnportant because the relation between traits
plays vital role in breeding programs and selectibmarieties, ecotypes and accessions. In fact,
selection for agronomic traits without considerthg effect of other traits will not result in a
suitable selection. So path analysis is requiredet@rmine the correlation, direct and indirect
effect of traits, and select the superior varietied ecotypes in breeding programs [14].

Path analysis proved the role of stem yield anddloyield in the improvement of total shoot
yield. High positive significant correlation betwedry yield with stem yield and flower yield

was predicted because improvement of these twts tvall increase shoot yield. Moreover,

although leaf weight was the third trait with higffect on total yield, however, it is a very
important trait because it is the photosynthetigaor which supports growth of other organs.
Results indicated that plant height was anothezcéffe trait on total yield; this trait can be a
suitable one for selection of varieties. Petiolegle and stem diameter were other effective
traits on yield which had positive significant agation; petiole weight was one of the traits
which entered the stepwise regression analysis mBdéh analysis showed that petiole weight
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had higher indirect effect on total yield througkms (0.461), flower (0.288) and leaf (0.119),
compared with the direct effect (0.106). Abbaszaeleal. (2011) reported that leaves and stems
were more effective oNentha longifolia var. amphilema shoot yield than other traits [4].

Finally, the varieties tested in this experimem ligh yield forage plants in addition to being a
medicinal plant, so it seems this plant can be fedifferent purposes.
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