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Makale Bilgileri ABSTRACT
Spinach (Spinacia oleracea L.) is one of the most important winter vegetables used for its edible
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G:li; elggiggéz green leaves. Due to the increase in demand in most parts of the world, significant changes have
Kabul: 04.06.2022 occurred in production amounts in the last ten years. Based on use, spinach leaves are broadly
Yayin: 30.06.2022 divided into three types: (i) savoy type (used for fresh market), (ii) processing type (smooth leaf

type with flat, unwrinkled and spade-shaped leaves), and (iii) flavor and delicate. Due to its
Anahtar Kelimeler:  structure, it is baby spinach that is preferably used in salads. There is a need for sufficient

Spinach, biological, taxonomic, genetic and agronomic knowledge about spinach populations in order to
Spinacia oleracea L., investigate spinach populations, develop new varieties and be successful in their studies.In this
Agro-morphology, study, 157 spinach genotypes belonging to the S2 grade, which consists of domestic and
Characterization commercial varieties, were evaluated to determine their diversity by using agro-morphological

characteristics in order to determine their performance as a winter vegetable in our country. The
studied genotypes are an important resource for the establishment of the world's core spinach
collection. As a result, spinach genotypes, which were agro-morphologically characterized
according to IPGRI criteria, showed high morphological diversity. It is thought that the results of
the present study will support the conservation and use of local species in spinach cultivation
programs.
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1. Introduction

Spinach (Spinacia oleracea L.) is an edible flowering plant from the Amaranthaceae family
(Chenopodioideae subfamily), which is native to central and southwestern Asia and may survive over winter in
temperate regions. Among leafy vegetables, spinach is characterized by having higher concentrations of vitamins
A, B, E, and K, as well as calcium, magnesium, phosphorus, iron, and potassium (Kawashima and Soares, 2003;
Mohebodini et al., 2017; Olaoye, 2021). In addition, it is known that vitamin C contains high amounts of oxalic
acid, which is a secondary metabolite (Morelock and Correll, 2008). Depending on the use, spinach leaves are
broadly divided into three types: (i) savoy type (used for fresh market purposes), (ii) processing type (smooth leaf
type with flat, unwrinkled, and spade-shaped leaves), and (iii) baby spinach, which is preferably used in salads due
to its taste and delicate structure (Avsar, 2011; Decoteau, 2000). Morphological characteristics of spinach such as
color, leaf size, and smoothness of leaves are important for industrial targets.

New varieties are required due to growing conditions, consumer demands, and disease resistance in
spinach. However, these requirements are being developed by multinational companies. With regard to the
country's interests, it is a necessity to develop spinach varieties suitable for domestic producer and consumer
demands. However, in order to use the genetic potential of different germplasmas, it is necessary to know their
genetic variations (Morelock and Correll, 2008; Sabaghnia et al., 2015).

The evaluation of genetic diversity acts as a starting point for the establishment of “a core collection.” Here,
the whole variability in the collection is represented in a small subset of accessions (Sabaghnia et al., 2015). Spinach
genotypes present interesting adapted traits, so the knowledge of diversity among spinach genotypes is critical in
breeding programs and for the conservation of genetic resources (Liu et al., 2019; Sabaghnia et al., 2015). This
study was based on a doctoral thesis carried out at Selcuk University, the Institute of Science and Technology, the
Department of Horticulture. In this context, the study presents the agro-morphological characteristics of 157 S2-
level spinach germplasm collections of the gene pool created.

2. Material and Methods

This study was carried out in the research and application greenhouse of Selcuk University, the Faculty of
Agriculture in the 2018 spring semester. In the study, using IPGRI (International Plant Genetic Resources Institute)
parameters, green color density in the leaf blade, swelling in the leaf blade, lobed in the leaf blade, attachment on
the petiole, petiole length, leaf blade position, leaf blade shape, leaf blade edge, leaf blade apex shape, longitudinal
shape of the leaf blade, number of leaves and agro-morphological observations such as leaf fragility were
investigated (Table 1).

Results and Discussion

Agro-morphological studies are known to be the simplest and easiest way of taxonomic description of
plants (Smith et al., 1991). They have also been reported to be a basic requirement for the effective use of plant
material by plant breeders (Barro-Kondombo et al., 2010). Within the scope of the study, 157 genotypes belonging
to the S2 level were subjected to agro-morphological observation. The distribution ratios of the criteria belonging
to the morphological characteristics are given as percent (%) in all genotypes.
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Table 1. Agro-morphological Observations of the S2 Level

Genotype no (S2)

10

11

12

13

14

15

16

17

1k-1

1k-3
2k-1
2k-2

3k-1

3k-2

5k-1
5k-4

5k-5

6k-1

6k-3

7k-2

10a-4

10a-5

10b-4

10b-5

15k-1

A

Mid

Mid

Little

Mid

Mid

Little

Little

Mid

Mid

Mid

Mid

Mid

Dark

Mid

Mid

Mid

Mid

Absent/ Very
little

Little
Mid
Mid

Little

Absent/ Very
little

Little
Little

Little

Little

Little

Little

Little

Little

Little

Little

Absent/ Very
little

Absent/ Very
little

Little
Mid
Mid
Little
Absent/ Very
little
Mid
Little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Little

Absent/ Very
little

Absent/ Very
little

Little

Semi-erect

Semi-erect
Semi-erect

Semi-erect

Semi-erect

Erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Horizontal

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Tall

Tall

Tall

Mid

Mid

Short

Mid

Mid

Mid

Short

Short

Short

Short

Mid

Mid

Mid

Mid

Semi-erect

Semi-erect
Semi-erect

Horizontal

Erect

Erect

Horizontal

Semi-erect

Semi-erect

Horizontal

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Horizontal

Triangular

Triangular
Triangular
Ovate
Mid
Elliptical
Mid
Elliptical
Triangular

Ovate

Ovate

Ovate

Ovate

Ovate
Mid
elliptical
Mid
elliptical
Mid
elliptical
Mid
elliptical
Mid
elliptical

Curved

Curved
Curved

Smooth

Curved

Smooth

Curved

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Pointy

Pointy
Chump

Circular

Chump

Chump

Pointy

Circular

Circular

Circular

Chump

Pointy

Circular

Chump

Chump

Chump

Chump

Flat

Flat
Convex

Flat

Flat

Flat

Convex

Flat

Convex

Convex

Flat

Flat

Flat

Convex

Convex

Convex

Convex

Mid

Mid

Mid

Mid

Mid

Low

Mid

Mid

Mid

Mid

Low

Mid

Mid

Little

Little

Little

Little

Low

Low
Mid
High

Low

Low

Mid

High

Mid

Low

Mid

High

High

Mid

Mid

Mid

Mid
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18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

16k-3

19a-5

19b-5

19c¢-2

19c¢-3

19k-4

23k-2

23k-3

24k-1

24k-2

24k-5

3la-1

31b-3

3lc-1

31d-4

31d-5

31k-2

32a-5

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Little

Mid

Mid

Mid

Mid

Mid

Little

Mid

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Mid
Mid

Absent/ Very
little

Little

Little

Absent/ Very
little

Little
Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little
Little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Horizontal

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Erect

Erect

Erect

Erect

Erect

Erect

Semi-erect

Semi-erect

Erect

Horizontal

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Tall

Tall

Tall

Tall

Tall

Tall

Mid

Mid

Mid

Mid

Semi-erect

Horizontal

Horizontal

Horizontal

Horizontal

Horizontal

Horizontal

Horizontal

Erect

Erect

Erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi
pendulous

Semi-erect

Semi
pendulous

Mid
elliptical
Mid
elliptical

Ovate

Ovate
Mid
elliptical
Mid
elliptical
Mid
elliptical
Mid
elliptical

Triangular

Broad

Mid
elliptical

Ovate

Ovate

Ovate

Ovate

Ovate

Mid
Elliptical

Triangular

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Smooth

Ripple

Ripple

Smooth

Smooth

Smooth

Smooth

Ripple

Ripple

Smooth

Smooth

Chump

Circular

Circular

Circular

Circular

Circular

Pointy

Pointy

Chump

Chump

Chump

Circular

Circular

Circular

Chump

Chump

Circular

Chump

Convex

Flat

Convex

Convex

Convex

Convex

Flat

Flat

Flat

Flat

Flat

Flat

Flat

Flat

Flat

Flat

Flat

Flat

Little

Little

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

High

Mid

High

High

High

Mid

Mid

High

Low
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36

37

38

39

40

41

42

43
44
45

46

47

48

49

50

51

52
53

54

55

32b-2

32b-3

32b-4

32c-2

32d-4

32k-3

33c-4

33k-5
36k-2
38-1*2

38k-1

38k-5

39a-1

39%a-4

39k-2

39k-3

40-1*1
40-1*2

40k-1

40k-4

Mid
Mid
Dark
Mid
Mid
Mid
Mid
Dark
Mid
Mid
Very
little
Mid
Mid
Mid

Very
little

Mid

Mid
Little

Mid

Mid

Little
Little
Mid
Absent/ Very

little

Absent/ Very
little

Little

Little

Mid

Mid

Mid

Mid

Mid
Absent/ Very

little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Little
Mid
Mid

Mid

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Little

Mid

Mid

Mid
Absent/ Very

little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Little
Mid

Absent/ Very
little

Absent/ Very
little

Erect

Erect

Horizontal

Horizontal

Horizontal

Semi-erect

Semi-erect

Semi-erect
Semi-erect

Horizontal

Horizontal

Horizontal

Horizontal

Horizontal

Semi-erect

Semi-erect

Erect

Semi-erect

Semi-erect

Semi-erect

Mid

Tall

Tall

Mid

Mid

Tall

Mid

Tall

Mid

Short

Short

Short

Short

Short

Mid

Tall

Tall
Tall

Tall

Tall

Semi-
pendulous

Semi-erect

Horizontal

Horizontal

Horizontal

Semi-erect

Semi-erect

Semi-erect
Erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Erect

Semi-erect

Semi-erect

Semi-erect

Triangular

Broad Ovate

Ovate

Broad ovate

Ovate

Triangular

Ovate

Ovate
Triangular

Ovate

Ovate

Ovate

Ovate

Ovate

Ovate

Ovate

Ovate

Triangular

Triangular

Triangular

Smooth

Ripple

Curved

Curved

Curved

Curved

Smooth

Curved
Curved

Ripple

Ripple

Ripple

Smooth

Ripple

Smooth

Smooth

Smooth

Curved

Ripple

Smooth

Chump

Pointy

Chump

Chump

Chump

Pointy

Chump

Chump
Chump
Chump

Chump

Chump

Chump

Chump

Chump

Chump

Chump
Chump

Chump

Chump

Flat

Convex

Convex

Convex

Convex

Flat

Flat

Flat
Flat

Convex

Convex

Convex

Convex

Convex

Flat

Convex

Flat
Flat

Convex

Convex

Mid
Mid
Mid
Mid
Mid
Mid
Mid
Mid
Mid
High
High
High
High
High
Mid
Mid
Mid
Mid
Mid

Mid

Low

High

High

Mid

High

Mid

Mid

High

High

Low

Low

High

High

High

Mid

High
High
Mid

Mid

Mid
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56

57

58
59

60

61

62

63

64

65

66

67

68

69

70
71
72
73

74

75

76

42b-1

42c-1

42d-3
44k-2

46k-1

47¢c-5

47d-2

47k-2

48a-2

48b-2

48c-4

48c-5

48d-5

48e-1

48f-1
48f-5
48k-4
49a-4

49b-3

49c-3

49k-2

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Dark

Mid

Little

Absent/ Very
little

Little
Mid
Mid

Absent/ Very
little

Mid
Mid
Absent/ Very

little

Absent/ Very
little

Little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Mid
Mid
Mid
Mid
Little

Absent/ Very
little

Little

Absent/ Very
little

Absent/ Very
little

Little
Little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

Little
Little
Little
Little

Absent/ very
little

Absent/ Very
little

Little

Horizontal

Horizontal

Semi-erect

Semi-erect

Erect

Erect

Semi-erect

Erect

Erect

Erect

Horizontal

Horizontal

Erect

Erect

Erect
Erect
Erect

Horizontal

Semi-erect

Erect

Erect

Short

Short

Mid

Mid

Mid

Mid

Mid

Mid

Mid

Tall

Tall

Tall

Tall

Tall

Tall
Tall
Tall
Tall

Tall

Mid

Tall

Horizontal

Horizontal

Horizontal

Horizontal

Erect

Erect

Erect

Erect

Erect
Erect

Semi-erect

Erect

Semi-erect

Erect

Erect

Erect

Erect
Horizontal

Semi-
pendulous

Semi-erect

Erect

Triangular
Mid
Elliptical
Triangular

Triangular

Triangular

Triangular

Ovate

Triangular

Triangular
Triangular

Triangular

Triangular

Triangular

Ovate

Triangular
Triangular
Triangular

Broad ovate

Ovate

Ovate

Triangular

Smooth

Smooth

Smooth

Smooth

Curved

Ripple

Curved

Curved

Curved
Ripple

Ripple

Ripple

Ripple

Ripple

Curved
Ripple
Ripple

Curved

Ripple

Ripple

Ripple

Chump

Chump

Chump
Chump

Pointy

Chump

Circular

Pointy

Pointy
Pointy

Pointy

Pointy

Chump

Chump

Chump
Chump
Chump
Chump

Circular

Circular

Chump

Flat

Flat

Flat
Flat

Convex

Convex

Convex

Convex

Convex

Convex

Convex

Convex

Convex

Flat

Convex
Convex
Convex

Convex

Convex

Flat

Flat

Mid
Low
Mid
Mid
Low
Mid
High
Low

Low
Mid
Mid
Mid
Mid
Mid
Mid
Mid
Mid
Low
Mid
Mid

Low

Mid
Mid
Mid
Mid
High
High
Low
High
High
Low
Low
Low
High
High
Mid
Mid
Mid
Low
High
Mid

Low
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77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95
96

50a-1

50b-5

50c-5

50k-1

50k-2

50k-3

5la-1

51a-3

51b-2

51c-5

51d-5

51k-4

52a-5

52b-3

52b-5

52c-2

52¢-5

52k-5

53a-4
53a-5

Dark

Mid

Little

Mid

Mid

Little

Mid

Little

Little

Mid

Mid

Mid

Mid

Little

Little

Mid

Mid

Mid

Mid
Mid

Little
Absent/ Very
little

Absent/ Very
little

Little
Absent/ Very
little
Little

Absent/ Very
little

Absent/ Very
little

Absent/ Very
little

MIDDLE

Absent/ Very
little

Little

Absent/ Very
little
Mid

Absent/ Very
little
Mid

Absent/ Very
little

Absent/ Very
little

Mid
Little

Absent/ Very
little

Little

Absent/ Very
little

Absent/ Very
little

Little
Little
Little

Absent/ Very
little

Absent/ Very
little

Little
Little

Absent/ Very
little

Little

Absent/ Very
little

Mid
Little

Little

Little

Little
Little

Semi-erect

Erect

Erect

Erect

Erect

Erect

Erect

Erect

Erect

Erect

Erect

Erect

Erect

Semi-erect

Semi-erect

Erect

Erect

Erect

Semi-erect

Semi-erect

Tall

Tall

Tall

Mid

Tall

Tall

Tall

Tall

Tall

Tall

Tall

Mid

Tall

Mid

Tall

Tall

Tall

Tall

Tall
Tall

Semi-
pendulous

Erect

Erect

Semi-erect

Erect
Erect

Erect

Erect

Erect
Erect

Semi-erect

Semi-erect

Semi-erect

Semi-erect

Erect
Semi-erect

Semi-erect

Semi-erect

Horizontal

Semi-erect

Ovate

Broad Ovate

Ovate

Mid
elliptical

Broad Ovate
Triangular

Broad ovate

Ovate

Triangular
Ovate
Triangular

Mid
elliptical

Triangular

Triangular

Triangular
Triangular

Triangular

Triangular

Triangular

Triangular

Ripple

Curved

Ripple

Ripple

Curved
Ripple
Curved

Ripple

Curved
Ripple

Curved

Ripple

Curved

Ripple

Curved
Curved

Curved

Curved

Curved

Curved

Circular

Circular

Circular

Chump

Circular
Chump

Circular

Circular

Pointy
Pointy

Pointy

Chump

Pointy

Chump

Chump
Pointy

Pointy

Pointy

Chump
Pointy

Convex

Flat

Convex

Flat

Flat

Flat

Flat

Flat

Convex

Convex

Convex

Flat

Convex

Flat

Flat

Convex

Convex

Convex

Convex

Convex

Mid

Mid

Mid

Mid

Mid

Low

Mid

Mid

Mid

High

Mid

Mid

Mid

Low

High

High

Mid

Mid

Mid
Mid

High

Low

High

Low

Low
Low

Low

Low

Mid

Low

High

Low

High

Low

Low
Low
High
High

High

Low
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140 61c-5 Mid Abs?irglle\/ery Abse“ntzevery Horizontal Tall Horizontal Ovate Smooth Circular Convex Mid Mid
141 62a-3 Little Mid Little Semi-erect Tall Semi-erect Triangular Curved Chump Convex Mid High
142 63b-4 Mid Abs?irglle\/ery Abse“ntzevery Semi-erect Tall Horizontal Ovate Smooth Circular Convex Mid Mid
143 63k-2 Mid Absai:lille\/ery Mid Semi-erect Tall Semi-erect Triangular Ripple Chump Convex Mid High
144 64a-2 Mid Little Absiﬂze\/ery Semi-erect Mid Semi-erect Ovate Smooth Chump Flat Mid Mid
145 64c-5 Mid Abs?irglle\/ery Mid Semi-erect Tall Semi-erect Triangular Ripple Curved Convex Mid High
146 64d-3 Mid Mid Little Semi-erect Tall Semi-erect Eﬁir[?t?(cjal Curved Chump Convex High High
147 67a-5 Mid Abssiirglle\/ery Absel?tze\/ery Erect Tall Erect Triangular Ripple Pointy Flat Low High
148 67b-4 Dark Abs?irglle\/ery Abse“ntzevery Erect Tall Erect Triangular Ripple Chump Convex Mid High
149 67c-1 Mid Little Little Semi-erect Mid Erect EII':/Ipit?caI Curved Chump Flat Mid Low
150 67c-4 Little Abssiirglle\/ery Absel?tze\/ery Erect Short Erect Elll;/lpit(ijcal Smooth Chump Flat Low Low
151 67d-5 Dark Abs?irglle\/ery Abse“ntzevery Erect Tall Erect Triangular Ripple Pointy Convex Mid High
152 67k-1 Dark Abs??ti/le\/ery Abs??tge\/ery Erect Tall Erect EII':/Ipit?caI Ripple Pointy Convex Mid High
153 70k-3 Dark Mid Absel?tze\/ery Horizontal Tall Horizontal Ovate Ripple Circular Convex Mid Mid
154 71a-5 Dark Mid Abse“ntzevery Erect Tall Semi-erect Elll;/lpit(ijcal Ripple Chump Convex Mid High
155 71b-2 Dark Abs??ti/le\/ery Little Erect Tall Erect EII':/Ipit?caI Ripple Chump Convex Mid High
156 71c-2 Dark Abssiirglle\/ery Absel?tze\/ery Semi-erect Tall Semi-erect Triangular Ripple Pointy Convex Mid High
157 71d-4 Mid Little Little Erect Tall Erect Triangular Ripple Chump Flat Mid High
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A: Green color intensity in the leaf blade; B: Blistering of the leaf blade; C: Lobed leaf blade; D: Petiole attitude;
E: Petiole length; F: Leaf blade stance; G: Shape of the leaf blade; H: Edge of the leaf blade; I: Shape of apex in
the leaf blade; J: Longitudinal shape of the leaf blade; K: The number of leaves; L: Leaf fragility

According to the morphological observations regarding the green color density in the leaf blade
of the spinach genotypes belonging to the S2 level, 1.2% of the genotypes had very little color, 13.3%
had little color, 71.3% had medium color, and 14% had dark color. Leaf color is highly significant in
leafy vegetables, as this parameter is a desirable and marketable feature in spinach cultivation (Eftekhari,
Hasandokht, FatahiMoghadam, & Kashi, 2010; Sabaghnia et al., 2015). This is because dark green color
is considered an important feature for consumers when choosing fresh or frozen spinach
(Brandenberger, Wells, & Haigh, 2004). Researchers reported that green color in spinach is usually
associated with chlorophyll a and b pigments, which inhibit the appearance of carotenoid pigments
(Kidmose, Edelenbos, Christensen, & Hegelund, 2005; Wang, Chen, Stamps, & Li, 2005). Kose (2018),
when looking at the green color intensity of the leaf blades of 50 spinach genotypes, determined nine of
the genotypes as light, 28 as medium, 12 as dark, and one (Spi 151/93 genotype) as very dark green.
Mohebodini et al. (2017) stated that 54 spinach accessions can be helpful for the development of new
varieties for use in breeding programs by characterizing their morpho-agronomic properties. When the
blistering of the leaf blades is considered, 47.1% have no or very little, 22.9% have little, 26.1% have
medium, and 3.8% have very strong blistering. Blistering in the leaf blade is a consumer demand that
varies according to the market condition of spinach. The lobedness of the leaf blade among genotypes
was also investigated. While 54.7% of them had no or very little lobedness, moderate lobe was observed
in 13.3% of them. When we look at petiole attitude, 41.1% of 157 S2-level spinach genotypes were
observed to be erect, 41.4% semi-erect, and 17.1% horizontal. Petiole attitude is one of the principles of
mechanical harvesting, and genetic improvement of this parameter during the selection of the S2 stage
was one of the objectives of this study. In a study on spinach, 91.7% of the leaf lobes were found to be
slightly deep and 5.6% to be medium-deep, while the attachment to the petiole was determined as
horizontal in 50% and erect in 33.3% of the leaf lobes (Arif, Jatoi, Rafique, & Ghafoor, 2013). In the
petiole length evaluations, it was determined that 8.9% was short and 91.1% was medium length. It has
been stated that petiole length is considered to be a commercial factor for the production of canned
spinach, especially in addition to machine harvesting (Sabaghnia et al., 2015). Leaf blade posture is a
significant feature of fresh market and cultural processes of spinach. Of 157 spinach genotypes, 32.4%
were erect, 39.4% were semi-erect, 22.9% were horizontal, and 5% were semi-pendulous. Spinach is
grown primarily for its fresh leaves, and leaf and leaf area determine the yield performance. When the
shape of the leaf blades was examined, it was determined that 40% of 157 spinach genotypes were
triangular, 33.7% were ovate, 18.4% were mid-elliptic, and 7% were wide elliptic. Furthermore, dry
weight is one of the desired properties for spinach processing and packaging, and it has been reported
that high dry matter is directly related to the width of leaf structure in spinach (Arshi, 2000; Eftekhari
et al., 2010). Another study reported that there was a positive correlation between yield, leaf area, and
the number of leaves in spinach (Abolghasemi, Haghighi, Etemadi, Soorni, & Jafari, 2019). The apex
shape in the leaf blades varied among genotypes, with 21.6% of them being pointy, 51.5% chump, and
26.7% rounded. As for the form of the leaf blade edge, it was observed that 41.4% were ripple, 31.8%
were smooth, and 26.7% were curved. The longitudinal shape of the leaf blades was determined to be
flat in 38.2% and convex in 61.7% of the genotypes. The observational value of leaf numbers was
determined to be low in 13.3%, mid in 80.2%, and high in 6.3% of the genotypes. Regarding the current
study, Abolghasemi et al. (2019) and Asadi and Hasandokht (2007) reported that the longitudinal shape
of the leaf blade in spinach is an important part of the yield, together with the leaf width and the number
of leaves. Another report on the subject stated that the harvest of marketable spinach plants depends on
the size and number of leaves. Also, this is related to the length of the growth period and the effectiveness
of the ambient warm conditions (Pandey & Kalloo, 1993). Morphological evaluations of leaf fragility
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indicated a low fragility level in 28%, medium in 35.6%, and high in 36.3% of 157 genotypes. Rashid
et al. (2020) conducted a field trial to investigate the genetic diversity of spinach germplasm from 30
different countries by using 21 agro-morphological features, six of which are quantitative and 15 of
which are qualitative.

4, Conclusions

In this study, differences were observed between genotypes, especially with respect to plant
height and leaf characteristics (both quantitative and qualitative). Based on this, it was predicted that it
would be beneficial to create a breeding program to increase the leaf yield of 157 spinach genotypes
observed in terms of leaf characteristics.
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