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morphological traits, photosynthetic indices and oxalate accumulation
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ABSTRACT

Spinach, due to high nutrition and economic value, highly regarded by the breeders. In this research, 40 populations
belonging to three species of Spinacia oleracea, S. turkestanica, and S. tetrandra from most parts of Iran, along with
a wild population from Afghanistan and two commercial cultivars Viroflay and Baby spinach, formed the studied
germplasm. Thirty-three traits were classified under three groups of morphological, physiological, and biochemical.
The results showed that the germplasm had a rich genetic structural diversity for the studied traits. The average
coefficient variance of the studied traits was 29.8%. Oxalate accumulation showed a significant difference in the
studied populations. The minimum oxalate accumulation was observed in the Karaj population of S. oleracea with
682 mg per 100 g FW. The maximum accumulation was found in the Bazangan population, the wild species of S.
turkestanica, with 2902 mg per 100 g FW. The cluster analysis results put the two wild species populations in the
same group and separated from the other ones. The coefficients of correlation were ranged from -0.83 to 0.99. In
total, 43.1% out of all trait's interactions had a significant correlation (& = 0.01 or 0.05). The correlation results
showed that the plant with a higher performance index had more freshness after harvesting. Also, the blistering was
the only trait of among of all that had a significant negative correlation with oxalate accumulation.
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Table 1. Site of collection and geographical properties of wild populations of spinach.

No. Populations Species Collection site Latitude (N)  Longitude (E)  Altitude (m)
1 Lowshan S. oleraceae Gilan, Lowshan, Pa chenar 36°35'27.2" 49°32°01.9” 1005
2 Cheshmehshour 8. turkestanica  Razavi Khorasan, Cheshmehshour 60°36°17" 36°31°04" 450
3 Bazangan S. turkestanica  Razavi Khorasan, Bazangan 60°29°60" 36°18'57" 857
4 Afghanistan S. turkestanica ~ Afghanistan, Baghlan, Doshi 68°40"12" 35°37°'12" 528
5 Bojnurd S. turkestanica  North Khorasan, Bojnurd 37°28" 57°20° 1070
6 Aslan Duz S. tetrandra Ardabil, Aslan Duz 39°26°38" 47°24°20" 1400
7 Meshgin Shahr S. tetrandra Ardabil, Meshgin Shahr 38°44° 47°40° 1400
8 Aq Qasemlu S. tetrandra Ardabil, Aq Qasemlu 38°38715" 47°56'44" 1142
9 Kangarlu S. tetrandra Ardabil, Kangarlu 38°41°10" 47°56'42.6" 1791
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Figure 1. All of the spinach leaf shapes into 43 populations (the shapes aren’t same scales).
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Table 2. Descriptive statistics of the measured traits into all of 43 spinach populations.
No. Traits Par/Non Abb. Min. Max. Mean SD CV (%)
1 Species Non Sp. 1 3 1.28 0.63 49.23
2 Domestic or wild Non D/W 1 2 1.21 041 34.04
3 Leaf area (cm2) Par LS 443 93.80 45.90 21.17 46.12
4 Leaf shape Non LSh 1 14 6.49 3.42 52.68
5 Growth uniformity (%) Par GU 0.62 100 73.40 19.86 27.05
6 Shape uniformity (%) Par ShU 50.00 100 92.05 15.20 16.51
7 Crispness Non Cr 1 3 1.63 0.58 35.46
8 Vegetative state Non VS 1 3 2.14 0.52 24.11
9 Average number of leaves Par NofL 6 27 10.93 5.71 52.20
10 Leaf width (cm) Par LW 1.70 8.40 5.28 143 27.09
11 Leaflength (cm) Par LL 3.40 17.50 11.01 2.90 26.35
12 Leaflength to leaf width Par LLLW 1.36 4.04 217 0.58 26.75
13 Plant height (cm) Par PH 10 28 16.29 4.62 28.39
14  Blistering Non Bl 1 4 2.14 0.77 36.17
15 Leaftip shape Non LtipSh 1 4 2.51 0.592 23.58
16  Uniformity of leaf shape Non LShU 50 100 87.05 16.95 19.47
17 Petiole redness Non PR 1 3 1.86 0.47 25.11
18  Petiole length Par PL 2.00 19.50 7.87 4.16 5291
19 Petiole thickness Par PTh 0.20 3.30 0.53 0.64 120.61
20  State of leaf margin Non M 1 2 1.30 0.47 35.77
21 Polished (L index) Par Lin 32.96 47.25 41.06 3.37 8.20
22 Intensity of green color Par Gr 25.20 53.40 34.16 5.31 15.54
23 Freshness Non Fr 1 3 1.84 0.79 42.66
24 Dry matter (%) Par DM 8.09 13.35 9.42 1.49 15.79
25 Proportion of female plants (%) Par PoF 33 81 58.74 11.25 19.15
26 Minimum fluorescence Par Fo 184.00 355.00 228.07 30.82 13.52
27  Maximum fluorescence Par Fm 1129.00  1651.00  1327.33  100.55 7.58
28  Variable fluorescence Par Fv 921.00 1373.00  1099.26  79.50 7.23
29  Variable fluorescence to maximum fluorescence Par Fv/Fm 0.77 0.85 0.83 0.01 1.80
30  Variable fluorescence to minimum fluorescence Par Fv/Fo 341 5.63 4.87 0.46 9.41
31  Performance index Par PI 1.30 10.81 7.00 2.32 33.12
32 Total chlorophyl Par Tch 14.24 30.17 19.30 3.00 15.54
33 Total oxalic acid mg/100Fw Par OA 681.9 2901.6 18484  444.05 24.02

Par/Non (Parametric and Nonparametric traits), SD (Standard deviation ), Sp. (1=S. oleracea, 2= S. turkestanica, 3=S. tetrandra), W/D (1= Domestic,
2= Wild), LSH (Figure 1; a=I up to n= 14), Cr (1= slight, 2=semi-crispy, 3=crispy), VS (1= open, 2= semi-open 3=compact), Bl (1= smooth, 2= low
blisters, 3= medium blisters, 4= high blisters), LtipSh (1= Round, 2=semi-round, 3= sharp, 4= two branches), PR (1= null, 2= semi red, 3= red), LM

(1= savoy, 2= flat), Fr (1= withered, 2= Semi-fresh, 3= fresh)
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Table 3. Results of variance analysis effect of population
on spinach oxalic acid.

Source of ar Mean of F Value Pr>F
variation squares
Population 42 1782204.00 15326  <.0001
Block 2 27385.90 2.36 0.0969
Error 84 879177.6 10466.4 0.93
Errorg 258 11628.32 - -
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Table4. Results of variance analysis of orthogonal comparisons all of three spinach species populations for oxalate

accumulation.
Contrast df Mean of squares F Value Pr>F
Domestic populations vs. wild populations 1 4153571.053 21.52 <.0001
S. turkestanica vs. S. tetrandra 1 391055.829 2.03 0.1554
S. oleracea vs. S. tetrandra 1 2128233.433 11.03 0.0010
S. oleracea vs. S. turkestanica 1 4324915.664 22.41 <.0001
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Figure 3. Heatmap cluster of spinach populations based on morphological traits
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Figure 4. Heatmap cluster of spinach populations based on physiological traits.
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Figure 5. Heatmap cluster of spinach populations based on the all studied traits.
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