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Landraces of spinach in Iran have not been sufficiently characterised for their morpho-agronomic
traits. Such characterisation would be helpful in the development of new genetically improved cul-
tivars. In this study 54 spinach accessions collected from the major spinach growing areas of Iran
were evaluated to determine their phenotypic diversity profile of spinach genotypes on the basis
of 10 quantitative and 9 qualitative morpho-agronomic traits. High coefficients of variation were
recorded in some quantitative traits (dry yield and leaf area) and all of the qualitative traits. Using
principal component analysis, the first four principal components with eigen-values more than 1
contributed 87% of the variability among accessions for quantitative traits, whereas the first four
principal components with eigen-values more than 0.8 contributed 79% of the variability among
accessions for qualitative traits. The most important relations observed on the first two principal
components were a strong positive association between leaf width and petiole length; between
leaf length and leaf numbers in flowering; and among fresh yield, dry yield and petiole diameter; a
near zero correlation between days to flowering with leaf width and petiole length. Prickly seeds,
high percentage of female plants, smooth leaf texture, high numbers of leaves at flowering, grey-
green leaves, erect petiole attitude and long petiole length are important characters for spinach
breeding programmes.

Key words: diversity, morpho-agronomic traits, principal component analysis, spinach (Spinacia

oleracea L.).

Spinach (Spinacia oleracea L.) is an edible flowering plant
from the Amaranthaceae family (Chenopodioideae sub-
family), which is native to central and southwestern Asia
and may survive over winter in temperate regions. Among
leafy vegetables, spinach is characterised by having higher
concentrations of nutrients calcium, magnesium, phospho-
rus, iron, and potassium as well as vitamins A, B, E, and K
(Kawashima and Soares, 2003). Also, it is known to contain
high amounts of oxalic acid, which is formed as a secondary
metabolite of vitamin C (Morelock and Correll, 2008).
Spinach, as a dioecious species is an herbaceous leafy vege-
table with alternate, simple, and ovate to triangular-based
shaped leaves (Vural er al., 2000). Morphological traits,
such as colour, leaf size, and smoothness of the leaves are
important for industrial targets. China, the United States, Ja-
pan, Turkey, Indonesia, France and Iran are the seven larg-
est commercial producers of spinach in the world (Anony-
mous, 2012). Iran produced about 105 thousand tons and
the average yield was 2100 kg~ha'1. The global average
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yield of spinach is 2420 kg-ha’1 and the average yield of
spinach in China is 2768 kg'ha'1 (Anonymous, 2012).

Iranian spinach producers typically use local spinach lan-
draces, which have good adaptability to local conditions,
but their performance is very low compared with the highest
global yields. Therefore, it is essential to conduct spinach
breeding programmes for increasing its yield potential.
Utilisation of the genetic potential of crop germplasm re-
quires detailed knowledge about its genetic variation (More-
lock and Correll, 2008). Some investigations have been per-
formed in the past on some Iranian spinach landraces
collections, but most of them are limited due to use of only
univariate statistical methods or collected samples from a
limited geographical range (Benedictos, 1999; Asadi and
Hasandokht, 2007; Eftekhari et al., 2010). This investiga-
tion was undertaken to assess the genetic variability in spin-
ach landraces collected from diverse agro-climatic condi-
tions of Iran using several quantitative and qualitative
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morphological traits and determine relationships between
the traits.

Fifty-four spinach landraces collected from different geo-
graphical regions of Iran were evaluated in the field in a
randomised complete block design (RCBD) with four repli-
cations, during the 2014-2015 growing season at Maragheh
(37 °23'N and 46 °14’E). The field soil had loamy structure
with low or%anic matter. Fertilisation was carried out with
80 kg-N ha". Plot size was 4.5 m? with six 3-m long rows
and 0.25-m spaces. Sowing was done by hand. Weed con-
trol was conducted by hand twice, when the weed density
was high. Required cultural practices recommended for
spinach were followed throughout the crop season. The har-
vested plot size, which consisted of four 2.5-m centre rows,
was 2.5 m. Data for the qualitative as well as quantitative
traits of spinach were recorded. The following spinach traits
were measured on 10 random plants: leaf length (LL), leaf
width (LW), petiole length (PL), petiole diameter (PD), leaf
area (LA), leaf number at flowering (LN), days to flowering
(DF), percentage female plants (FP), fresh yield (FY), and
dry yield (DY) as quantitative traits.

The recorded qualitative traits were leaf texture (LT, 1 =
smooth, 2 = slight crinkled, 3 = crinkled), seed type (ST,
1 = smooth, 2 = prickly), stem anthocyanin (SA, 1 = very
low, 3 = low, 5 = intermediate, 7 = high, 9 = very high),
petiole attitude (PA, 1 = erect, 2 = semi-spared, 3 = spared),
vegetative leaf shape (VL, 1 = elliptic, 2 = broad elliptic,
3 = circular, 4 = ovate, 5 = broad ovate, 6 = triangular), re-
productive leaf shape (RL, 1 = smooth, 2 = pointy); leaf
edge (LE, 1 = smooth, 2 = rippler); leaf colour (LC, 1 =
yellow-green, 2 = grey-green, 3 = blue-green); and seed col-
our (SC, 1 = yellow-green, 2 = grey-green, 3 = blue-green).
Trait selection and measurement techniques were based on
descriptors developed by Bioversity International (Anony-
mous, 2013) as well as the International Board for Plant Ge-
netic Resources (Anonymous, 1991). All of the traits had
normal distributions, and thus no transformation was ap-
plied for the traits. For further analysis, a correlation matrix
was used, which standardised the data, eliminating effect of
parameters with different scales. Descriptive statistics such
as means and coefficient of variation (CV) were deter-
mined. Principal components analysis (PCA) was used
(Everitt and Dunn, 2010) and plots of the first two principal
components were made. Although multiple correspondence
analysis could be used instead of PCA, in any case, PCA is
a more routine statistical analysis used by many authors
(Dehghani et al., 2008; Eftekhari et al., 2010; Sabaghnia et
al., 2011). Also, due to simultaneously analysis of both
quantitative and qualitative traits, using PCA is more practi-
cal (Manly, 2004). The variance explained by principal
components, communality (variance explained by each pa-
rameter and correlation coefficients between parameters and
components were determined (Spencer, 2013). The experi-
mental data were statistically analysed using minitab ver-
sion 16 (Anonymous, 2010) software.

The results of principal components analysis for quantita-
tive traits are shown in Table 1. The first four principal
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Table 1

PRINCIPAL COMPONENTS LOADINGS OF QUANTITATIVE
TRAITS OBTAINED FROM 54 SPINACH LANDRACES

Variable PC1 pPC2 PC3 PC4 Commun-
ality
LL 0.341 0.146 -0.203 -0.479 —0.195
LW 0.333 0.431 0.072 0.247 1.083
PL 0.317 0.378 0.182 0.133 1.010
PD 0.308 -0.339 -0.117 —-0.463 -0.611
LA 0.383 0.316 -0.025 -0.068 0.606
LN 0.325 0.084 0.162 0.099 0.670
DF 0.226 —0.338 —-0.144 0.668 0.412
FP 0.045 0.115 -0.921 0.128 —-0.633
FY 0.376 —0.365 0.063 0.029 0.103
DY 0.362 -0.410 0.085 0.021 0.058
Eigenvalue 5.06 1.54 1.09 1.01 8.70
Proportion 0.51 0.15 0.11 0.10 0.87

LL, leaf length (cm); LW, leaf width (cm); PL, petiole length (cm); PD,
petiole diameter (mm); LA, leaf area (cmz); LN, leaf numbers in flower-
ing; DF, days to flowering; FP, female plants percent; FY, fresh yield
(kg-ha); DY, dry yield (kg-ha™).

components (eigenvalues >1) explained 87% of the varia-
tion for spinach landraces. The first principal component
extracted can be regarded as yield performance vector (Ta-
ble 1). It had high loadings for fresh yield and dry yield
traits, which were the related to yield characteristics. This
principal component accounted for 51% of the total varia-
tion in quantitative traits of the spinach landrace data set.
The second principal component was related to leaf proper-
ties and accounted for 15% of the total data variability.
Among the spinach quantitative traits, this axis had high
loadings for leaf width and leaf area traits. The third princi-
pal component was associated with petiole length and leaf
numbers in the flowering vector (Table 1) and accounted for
11% of the total data variability. The fourth principal com-
ponent had a high loading with days to flowering vector
(Table 1) and accounted for 10% of the total data variabil-
ity. Communality values for the measured quantitative
traits of spinach are given in Table 1, which showed that
leaf width, petiole length, leaf area and leaf numbers in
flowering traits explained the highest amounts of variance.

Principal components analys is for qualitative traits showed
that the first five principal components explained 79% of
the variation for spinach landraces and these components
had eigen values >0.80 (Table 2). The first principal com-
ponent was associated with plant colour, as it had high load-
ings for leaf colour and seed colour and accounted for 30%
of the total variation in qualitative traits of spinach lan-
draces. The extracted second principal component was re-
lated to leaf texture and accounted for 17% of the total vari-
ability. The third principal component was explained by leaf
edge vector and accounted for 13% of the total variability.
The fourth principal component was related to vegetative
leaf shape (Table 2), as this trait had high loadings on this
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Table 2

PRINCIPAL COMPONENTS LOADINGS OF QUALITATIVE TRAITS
OBTAINED FROM 54 SPINACH LANDRACES

Variable PC1 pPC2 PC3 PC4 PC5 |Commun-
ality
LT 0.004 0.600 -0.079 -0.324 -0.278 -0.077
ST -0.332  0.187 0.332 -0.456  0.382 0.113
SA 0278 -0.145 -0.391 -0.651 -0.056 -0.965
PA 0217 -0.469 -0.045 -0.322 0441 -0.178
VL 0413 -0.156  0.398 0.199 0.173 1.027
RL 0297 -0.205 0.442 -0.260 -0.648 -0.374
LE 0.271 0.385 0.504 -0.112 0277 1.325
LC 0.417 0.357 -0.320 0.081 0.230 0.765
SC 0.509 0.146  -0.137 0.182 -0.004  0.696

Eigenvalue 2.70 1.50 1.20 091 0.80 7.08
Proportion 0.30 0.17 0.13 0.10 0.09 0.79

LT, leaf texture; ST, seed type; SA, stem anthocyanin; PA, petiole attitude;
VL, vegetative leaf shape; RL, reproductive leaf shape; LE, leaf edge; LC,
leaf colour; SC, seed colour.

principal component and accounted for 10% of the total
data variability. The fifth principal component was associ-
ated with petiole attitude and accounted for 9% of the total
data variability (Table 2). Communality values of principal
components analysis for the measured qualitative traits of
spinach are given in Table 2. The results indicated that
vegetative leaf shape, leaf edge, leaf colour and seed colour
traits had the highest communality and consequently the
high relative contribution in for qualitative traits of spinach.

Relations of quantitative traits of spinach with the first two
principal components contributing about 66% of the vari-
ance are shown in Figure 1. The correlation coefficient be-
tween any two traits is approximated by the cosine of the
angle between their vectors (Yan and Rajcan, 2002; Deh-
gahni et al., 2008). The correlation coefficients among the
quantitative traits with relatively large loadings on PCA1 or
PCA2 axis were high. The most prominent relations indi-
cated by Figure 1 are: a strong positive association between
leaf width and petiole length; between leaf length and leaf
numbers in flowering; and among fresh yield, dry yield and
petiole diameter traits, as indicated by the small obtuse an-
gles between their vectors (r = cos 0 = +1). There was a
near zero correlation between days to flowering and leaf
width and petiole length (Fig. 1) as indicated by the near
perpendicular vectors (r = cos90 = 0). Scattering of some
variables was expected as the first two PCAs accounted for
d% of the total variation. Increased yield potential is an im-
portant goal for spinach breeders and progress in yield po-
tential results from the progressive accumulation of genes
conferring higher yield or elimination of the unfavourable
genes through the breeding process. The present investiga-
tion showed that days to flowering and petiole diameter had
strong relation with yield, suggesting the need to place more
emphasis on these components for increasing the yield in
spinach. The principal components analysis seems impor-
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Fig. 1. Plot of first two principal components showing relation of various
spinach quantitative traits.

tant, as the associated coefficients have relative magnitude
consistent with breeding targets, and further work is re-
quired to compare multivariate methods with the aim of
reaching actual gains.

The first two principal components of ordination of qualita-
tive traits of spinach explained about half of the total vari-
ance (Fig. 2). The most prominent relations shown in Figure
2 were: a strong positive association among vegetative leaf
shape, stem anthocyanin, and reproductive leaf shape traits,
as indicated by the small obtuse angles between their vec-
tors (r = cos 0 = +1). There was a near zero correlation be-
tween leaf texture with seed colour; between leaf texture
with seed type; between leaf edge with petiole attitude; be-
tween leaf texture with vegetative leaf shape, and stem an-
thocyanin and reproductive leaf shape traits as indicated by
the near perpendicular vectors (r = cos90 = 0). There was a
negative correlation between seed type with vegetative leaf
shape, stem anthocyanin, and reproductive leaf shape traits
as indicated by the angle of approximately 180 degrees (r =
cos180 = —1). Some discrepancies between the plot predic-
tions and original data were expected because the first two
PCAs accounted for d% of the total variation. The statistical
properties of PCA have been described in detail by some re-
searchers (Dehghani et al., 2008; Sabaghnia et al., 2011).
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Fig. 2. Plot of first two principal components showing relation of various
spinach qualitative traits.
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The principal components analysis may allow the plant
breeders more flexibility in finding the number of plants to
be evaluated. The plant breeder can use multivariate meth-
ods by first determining the combination of traits that con-
stitute an ideal plant. By plotting the principal components
in a single plot that are considered to be important, plants
close to the ideal plant can be selected (Yan and Rajcan,
2002). This research was performed only for one growing
season, and thus genotype—environment (GE) interactions
maybe result in some discrepancies, but the results indicated
that multidimensional methods can be sufficiently informa-
tive in choosing breeding directions.

In conclusion, investigated local spinach landraces collected
from different geographical locations of Iran showed great
variation with respect to yield potential and yield compo-
nents. According to our results, petiole diameter and days to
flowering maybe provide promising results for achieving
high yielding cultivars. Hence these two traits should be
used in breeding programmes to develop new spinach
cultivars.
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DAZU KVANTITATIVO UN KVALITATIVO PAZIMJU GALVENO KOMPONENSU ANALIZE IRANAS VIETEJAM SKIRNEM

Ar galveno komponensu analizi raksturotas vairakas kvantitativas un kvalitativas pazimes 54 spinatu vietéjam Skirném, kuras ievaktas
Iranas galvenajos spinatu audzéSanas regionos. Noteiktas pazimes, kuram ir nozimiga loma spinatu selekcijas procesa.
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