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ABSTRACT

The main target of the current study was to develop a new local cultivar of
spinach with delayed bolting which characterized by late-flowering based on the
multitrait selection for quality traits through the disposal of the male plants in the
spinach population and increasing the percentage of females and no bias plants. This
study was carried out at Kaha Vegetable Research Farm (Kaluobia Governorate, Egypt).
Means, genetic and phenotypic parameters of population performances had been
recorded for the characteristics of plant growth, yield and its components as well as
chemical compounds. One genotype, Dokki cv. (a local cultivar as original population)
was used. The selection program began on the first of September 2014 and continued to
the year 2017 (four years), where a comparison experiment was conducted between the
original and the selected population during 2018 and 2019-under high temperature in an
early season-to measure the progress in achieving the goals of the selection program.
The selection program based on multitrait selection under high temperatures in the early
season had clear effects on genetic and phenotypic parameters. Moreover, the multitrait
selection based on selection indices showed differences consistent with the goal of the
selection program in all vegetative characteristics, delay bolting and chemical content of
leaves that were significantly improved in the selected population compared to the
original population.
Key words: Spinacia oleracea L., Bolting, Genetic variance, Phenotypic variance,

Multitrait selection.

INTRODUCTION

Spinach is one of the important economically leafy vegetables in
Egypt and worldwide; the healthiest vegetables for its content of nutrients
and minerals and good source of antioxidants (Shetty et al 2013). Spinach is
one of the darkest green leafy vegetables due to the huge concentration of
beta carotene (pro vitamin A) and folate, and is also a good source of
vitamin C, calcium, iron, phosphorous, sodium and potassium (Nonnicke
1989 and Dicoteau 2000). Basically, spinach is a wind pollinated dioecious
species. As would be expected in a dioecious, wind-pollinized plant,
existing varieties of spinach are generally in a highly heterozygous
condition. Historically mass selection, recurrent selection and backcross
have been the breeding techniques most commonly used in spinach but
recent interest in more severe inbreeding to produce more uniform inbreeds
for use in hybrid production has spurred interest in methods such as paired



crosses using individual female and male plants or use of monecious plants
for selfing to develop inbreeds (Morelock and James 2008).

Commercial stocks are frequently of mixed varieties, of unsuitable
types, or incorrectly named. These defects are the cause of much loss to
growers and canners. Knowledge of the nature of the sexual conditions in
spinach, as well as of the factors controlling sex expression, was considered
essential to the work of plant breeding. The spinach plants can be divided
into two divisions’ bias plants (extreme male, vegetative males’ and female
plants) and no bias plants (monoecious plants, gynomonoecious and
trimonoecious). Of the two kinds of male plants, the extreme type is by far
the more common in nearly all strains of spinach plant.

The extreme males are the first to send up their seed stalks (early
bolting); in fact, they sometimes do so without having formed any rosette
leaves and probably connected with genetic factors and environmental
conditions. Commercial stocks of late or "long standing" varieties, which
produced carefully to maintain this trait, contain the few numbers of
extreme males or do not contain any extreme males. By carefully removing
all early flowering plants (extreme male) continuously in more seasons, you
can produce delayed spinach varieties (Rosa 1925). After removing the
extremely male plant (early flowering or early bolting) the plants that are
larger in the early part of the season may usually be later identified as
females.

Male plants, especially the extreme male type, bolting or flowering
earlier, have a shorter vegetative growth with shorter flowering period than
females. Male plants, especially the extreme males, are in general smaller,
form flower stalks earlier, bloom earlier, and die earlier than the female
plants. The early appearance of the bolting of the male plants leads to
considerable loss to growers.

Monoecious plants are relatively rare. In many reports monoecious
plants were not observed more than 4% - 8.7% in other populations. Plant
breeding methods can produce the improved varieties which have an excess
of females in the population (Rosa 1925).
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Breeders have endeavored to satisfy the needs of spinach growers by
means of mass selection. This method is still in vogue up till now because it
Is simple to carry out and because among breeders it is often feared that
degeneration by inbreeding will occur when other methods are used. In
general, the growers consider that the male plants have a bad reputation. The
stems of male plants of which the upper part is leafless, elongates faster than
the stems of female plants of the same variety. Mass selection is still largely
applied and it is generally used in the maintenance of commercial varieties.
It has been proved; however, that continuous family selection is useful for
the development of new varieties (Sneep 1958).

Spinach is a long-day plant. The plants become generative and start
to flowering when exposed to a day length that exceeds a critical value, the
so-called critical day length (Zeevaart 1971).

A negative correlation was detected between the speed bolting and
leaf production in spinach (Chitwood et al 2016).

The success of a plant breeding program is dependent on the
availability of genetically diverse plant germplasm to allow for cultivar
improvement. The genetic diversity and population structure of a plant
species allows the plant breeders to use the resources for crop improvement.
Such an approach has benefited many crops. Genetic diversity and
population structure also have been examined in spinach (Khattak et al
2007).

Spinach leaves are alternate, simple, from ovate to triangular based,
with larger leaves at the base of the plant and small leaves higher on the
flowering stem (Vural et al 2000). The commercial spinach varieties have
more delayed plants at flowering and do not rush to bolting early. The male
and female spinach plants are identified according to carbohydrates and
pigment contents which are higher in female than in male plants (Swiader
and Ware 2002).

Early flowering is the most important problem of spinach production
in Egypt. The bolting and flowering leads to losses for producers and
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farmers. Early flowering is associated with the percentage of male plants in
plant population.

Consequently, this led to deterioration of the yield characteristics
and reducing the quality and led to many other important problems of
spinach.

The main target of the current study was to develop a new local
cultivar of spinach with delayed bolting which is characterized by late
flowering based on the multitrait selection of quality traits through the
disposal of the male plants in spinach population and increasing in the
percentage of females and unbiased plants.

MATERIALS AND METHODS

This study was carried out at Kaha Vegetable Research Farm
(Kaluobia Governorate, Egypt) during the period from 2014 to 2017. The
soil type of the experimental site is classified as a clay soil. One genotype,
Dokki cv. (a local cultivar) was used. Seeds were obtained from the
Vegetable Seed Production Unit, Vegetable Research Departments, Dokki,
Giza, Egypt. Yield performance was compared in the same field
environment. The multitrait selection program began on the first of
September 2014 and continued to the year 2017 (four years), where a
comparison experiment was conducted between the original Dokki cv. and
the selected population during 2018 and 2019 - under high temperature in
early season - to measure the progress in achieving the goals of the selection
program. The two seasons were assigned according to the maximum and
minimum temperatures that affecting spinach growth and vyield that
determined by Yamori et al (2005). Maximum, minimum and average high
and low temperatures, relative humidity, day light and rain fall are presented
in Table (1).

Seeds were sown in 5™ September 2018 and 1% September 2019, in
the field directly. Each ridge was 60 cm wide, 3.4 m long and 15 cm for
plant spacing. Data were recorded on several quantitative traits consisting of
plant height (PH), number of leaves per plant (NLP), central flowering stem
length (CFSL), fresh weight per plant (FWP), dry weight per plant (DWP),
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leaf petiole length (LPL), leaf blade length (LBL), bolting date (BD), yield
of leaves ( kilogram per square meter), yield of leaves ( ton per feddan),
total nitrogen (%), total phosphorus (%), total potassium (%), total
chlorophyll (mg/L), total calcium (%), oxalate (%) and calcium oxalate (%).

Table 1. Average temperature, relative humidity, daylight and rainfall
of field trials in Kaha Vegetable Research Farm, Kaha,
Kaluobia Governorate, Egypt.

Vonths Tt'emperaturf (f? ) l:TJerLa:g:{ti/ daylight | rainfall
Maximum | Minimum (%) (hours) (mm)

January 19.2°C 6.7°C® 81 10.5h 5mm
February 20.9°C 7.2°CP 78 11.1h 4mm
March 23.7°C 9.5°C 71 12h 3mm
April 27.9°C 12°C 67 12.9h 1Imm
May 31.9°C 15.6°C 64 13.7h 1Imm
June 34.3°C 18.6°C 70 14.1h Omm
July 34.6°C 20.4°C 77 13.9h Omm
August 34.4°C 20.4°CP 79 13.2h Omm
September | 32.3°C 18.4°CP 78 12.3h Omm
October 29.9°C 16.1°CP 79 11.4h 1mm
November 25.4°C 13.2°C? 72 10.6h 2mm
December 20.8°C 8.5°C? 81 10.2h 6mm

C?= common season. CP= Date of cultivation of tolerant varieties for bolting
under high temperature conditions in Egypt.

Weather-atlas.com. (https://www.weather-atlas.com/en/egypt/qaha-
climate#temperature).
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2.1. Experimental design and Statistical analysis:

The original population was improved in five generations of
multitrait selection. Male plants with low vigor and early flowering (bolting)
were discarded. Then, the highest 10 percent selection index female plants
were done through all the selecting generations (removing all extreme males
and vegetative males), which pollinated by unbiased plants and their seeds
were harvested. The earliest flowering males (usually “extreme males™) are
also the earliest flowering plants in spinach populations. If all “extreme
males” are selected out of the population along with the earliest flowering
females then it is possible to shift the spinach variety to a longer-standing
and more bolt-resistant, this procedure described by Imani et al (2004). In
the last year (i.e., 2019) the population seemed to be uniform and a few
plants were discarded. The result of genetic gain during selection period, led
to consider this improved population as a new bolt-resistant cultivar of
spinach under the conditions of early cultivation. Bolting time was
monitored daily and determined as the number of days from planting to the
first elongation of the floral stem observed in at least half of the studied
plants for each population. The collected data from the original population
and the selected population resulted from multitrait selection were analyzed
statistically using Fisher's analysis of variance technique. The experimental
unit was consisted of one grid, one grid was consisted of 19 plants (1 central
plant + 18) (Figure 1). These units are repeated and contiguous in one area
for both the original population and the selected population. This procedure
was done according to Bos and Caligari (1995). The data collected were
analyzed statistically using fisher's analysis of variance technique by using
combined ANOVA across years and Unpaired two-tailed Student’s t-test, at
5% level of probability was employed to compare the difference among the
populations means. All computations were performed using the Minitab
software (Minitab 2010).
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Fig. 1. A regular triangular pattern of plant positions within
experimental unit. Each plant in its turn is considered
as a candidate and compared to the plants occurring
alongside three (grid C) surrounding aureoles.

The breeder may divide the selection field into parts such that
growing conditions within each of the so-called grids are more uniform than
across the whole field. This procedure is called grid selection (Bos and
Caligari 1995). Separate analysis of variance was performed (Sokal and
Rohlf 1981).
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Table 2. ANOVA table formulas.

Source of
variation DF SS MS Fs Expected MS
v Yr?l:n ond SS: MS groups n a
group al |SS a2 + o2

(genetic lines) (a-1) MS within

(grids) a-1
Y — Y Within ss,

group 1 a(n-1) | SS:
(error)(within a(n-1)

genetic lines)

Y-YTotal | an—1 | SSs

2.1.1. Estimation of phenotypic, genotypic and environmental variation:

Gzp = Ozg + Oze
MSV - MSE
Where, genotypic variance (0%) =
r or no

Where, MSV and MSE are mean sum of squares due to populations
(varieties or treatments) and error, respectively. Environmental variance
(O%) is equal to mean sum of squares for error (MSE). Phenotypic variance
(0%) is comprised of (O?%) plus (O%). In addition, r = number of
replications (in case of equal sample size) (Singh and Singh 1994); while,
No = average sample size (in case of unequal sizes) (Sokal and Rohlf 1981).
The phenotypic and genotypic coefficient of variance was estimated using
the formula developed by Burton (1952).
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Phenotypic coefficient of variation =,/ Vph/Xx 100

Genotypic coefficient of variation =,/Vg/X x 100

Whereas ./ Vph = Penotypic standard deviation.
\/Vg = Genotypic standard deviation.

X = Genotypic means.

2.1.2. Estimation of broad-sense heritability

The formula used for estimating broad-sense heritability was
h?>=0%/0%, (Allard, 1999); where O% is the genetic and O% is the
phenotypic variance.

2.1.3. Estimation of released genetic gain (observed selection response)

Genetic gain (GG) was defined as the proportional increment in the
phenotypic values achieved by selection. GG was calculated following
Zheng et al (2006) as:

X -X
GG=2""C w100
A

Where Xs and Xc are the mean phenotypic value of progeny in
selected and control populations, respectively.

2.2. Determination of chemicals composition in fresh leaves

For determination of leaf pigments, Total chlorophyll content, which
used the fifth leaf from the shoots’ growing tip, was measured by a SPAD
501 leaf chlorophyll meter (Yadava 1986). Total nitrogen in leaves was
assayed in milligrams per gram dry weight by the micro-Kjeldahle method
indicated by Pregl (1945). Total Potassium concentrations in leaves, in mg/g
dry weight, were determined using a flam-photo metrically, according to the
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method described by Brown and Lilleland (1946). Total phosphorus (%)
was estimated calorimetrically, according to the method described by
Murphy and Riely (1962), as modified by John (1970). Calcium and
calcium oxalate percentage were determined according to (Jackson 1976).

RESULTS AND DISCUSSION
3.1. Genetic parameters of yield and its components in two populations
(original population and selected population) of spinach for
breeding a new delayed bolting cultivar

Results in Table (3) and Fig. (2) revealed that mean values of the
selected population as based on multitrait selection in respect to the traits of
plant height (47.183 cm), no. of leaves per plant (50.10), central flowering
stem length (54.280 cm), fresh weight per plant (14.743 @), leaf petiole
length (39.541 cm), leaf blade length(19.971 cm) and bolting date (87.147
day) were significantly higher than those of the original population for the
same traits (42.676 cm, 29.66, 41.384 cm, 144.89 g, 38.612 cm, 19.024 cm
and 68.703, respectively). All the previously mentioned results are
consistent with breeder's objectives.

Minimum values of phenotypic standard deviation (i.e., they were
more homogeneous) for selected population of plant height (6.41), no. of
leaves per plant (36.646), central flowering stem length (15.842), fresh
weight per plant (103.778), dry weight per plant (6.826), leaf blade length
(4.134) and bolting date (10.153) were decreased in comparison to original
population for the same traits (8.729, 37.04, 26.832, 113.123, 8.854, 5.328
and 11.661, respectively). While phenotypic standard deviation value for
selected population of leaf petiole length (8.916) was increased in
comparison to original population (8.136). High phenotypic standard
deviation indicated that the data are spread out across a large range of values
(expressing the variability of a population). on the other hand, low standard
deviation indicates that the data point to be close to the mean (expressing
the homogeneity of a population).
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Table 3. Genetic parameters of yield and its components in two
population (original population and selected population) of
spinach for developing a new delayed bolting cultivar.

Genetics Traits?
1
Parameters” | o T NLp | cFSL | FwP | DWP | LPL | LBL | BD
Original population
N 506 | 596 | 596 506 | 596 | 596 | 596 | 596
Mean  |42.676° 29.66P | 41.384" | 144.89b |11.1825|38.612b|19.024(68.703
SEMean | 0248 | 1.04 | 0759 | 3.18 | 0.267 | 0.242 | 0.160 | 0.522
SD 6.054 | 25.38 | 18.524 | 77.69 | 6.514 | 5.918 | 3.895 |12.743
Variance | 36.656 |644.27 | 343.120 | 6035.95 | 42.436 | 35.018 | 15.175 (162.377
CoefVar | 14.19 | 8557 | 4476 | 53.62 | 58.25 | 15.33 | 20.48 | 18.55
Genetic |34 196 673.99| 321.99 | 5808 | 29.7 |29.898|13.398 | 33.996
variance
Environmental| )5, | 695 | 398 | 6989 | 487 | 363 | 15 | 102
variance
Phenotypic | ;¢ 196113719 710.99 | 12797 | 78.4 |66.198 | 28.398 |135.996
variance
(GCV)% | 8.795 |46.553| 27.247 | 61.971 |15.952| 8.769 | 8.357 | 7.623
(PCV)%  |13.344|66.419| 40.744 | 91.988 |25.918|13.048 | 12.167 | 15.247
Heritability | 043 | 049 | 044 | 045 | 037 | 045 | 047 | 0.24
GSD 5752 [25.961| 17.944 | 76.21 | 5.449 | 5.467 | 3.66 | 5.83
PSD 8.729 | 37.04 | 26.832 | 113.123 | 8.854 | 8.136 | 5.328 |11.661
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Table 3. Cont.

Genetics Traits?
Parameters! | PH | NLP | CFSL [ FWP [DWP | LPL | LBL | BD
Selected population
N 475 | 475 | 475 | 475 | 475 | 475 | 475 | 475
Mean  |47.183% 50.10% | 54.280° |202.65%|14.743%39.541a] 19.971° |87.1472
SE Mean | 0202 | 1.16 | 0627 | 351 | 0.236 | 0.292 | 0.150 | 0.338
SD 4.404 | 2536 | 13.667 | 76.47 | 5.146 | 6.366 | 3.261 | 7.358
Variance |19.399 |643.20 | 186.791 [5847.98) 34.91 |40.523| 10.632 |54.147
CoefVar | 9.33 | 5062 | 2518 | 37.74 | 3.384 | 16.10 | 16.33 | 8.44
Genetic 114 096 648.99 | 10.998 | 4326 | 6.498 |38.508| 6.198 | 76.2
variance
Environmental| o | 594 | 240 | 6444 | 401 | 409 | 109 | 269
variance
chpi‘;%’féc 41.096 | 1342.9 | 250.998 | 10770 | 46.598 | 79.498 | 17.098 | 103.1
(GCV)% | 6.207 | 36.293| 4.545 | 46.67 | 6.599 | 9.87 | 5564 | 9.859
(PCV)% | 9.354 |52.209| 21.712 |73.638|17.673|14.165| 9.242 |11.146
Heritability% | 0.44 | 048 | 004 | 04 | 013 | 048 | 0.36 | 0.73
GSD 4.253 [25.475| 3.316 |65.772| 2.549 | 6.212 | 2.489 | 8.729
PSD 6.41 |36.646| 15.842 |103.778| 6.826 | 8.916 | 4.134 |10.153
Genetic | /105 | 1817 | 9.87 |47.38 | 3.247 | 0.738 | 0.832 |19.889
gain (R)
Genetic
Gain%6 (Rv) | 8903 |36.878 | 18538 |23855|21.765| 1.862 | 4.161 |25.372

1. SE Mean = Standard error mean; SD = Standard deviation; Coef var
coefficient variance; GCV% = Genetic coefficient of variability; PCV%

Phenotypic coefficient of variability; GSD= Genetic Standard deviation; PSD=
Phenotypic Standard deviation. 2: PH = Plant height; NLP = number of leaves
per plant; CFSL = central flowering stem length; FWP = fresh weight per
plant; DWP = dry weight per plant; LPL =leaf petiole length; LBL = leaf
blade length; BD =bolting date. Means within rows followed by the same letter
are not statistically different at 5% level (Unpaired two-tailed Student’s t-

test.).
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SD = Standard deviation, coef var = coefficient of variance and N = number of plants
per population plants.

Fig. 2. Histograms of several quantitative traits in two populations
(original population and selected population) of spinach.

Genetic standard deviation values for selected population of plant
height, no. of leaves per plant, central flowering stem length, fresh weight
per plant, dry weight per plant, and leaf blade length, (4.253, 25.475, 3.316,
65.772, 2.549 and 2.489, respectively) were decreased in comparison to
original population, (5.752, 25.961, 17.944, 76.21, 5.449 and 3.66
respectively). Genetic standard deviation value for selected population of
leaf petiole length and bolting date, (6.212 and 8.729, respectively) were
increased in comparison to same characters for original population, (5.467
and 5.83, respectively). Heritability is a proportion, its numerical value will
range from 0.0 (genes do not contribute at all to phenotypic individual
differences) to 1.0 (genes are the only reason for individual differences, as
explained by Colorado.edu. (http://psych.Colorado.edu/~carey/hgss/hgssapp
lets/heritability/heritability.intro.html.). Accordingly, the results showed
remarkable changes in the values of heritability for all traits as affected by
multitrait selection. Data of genetic coefficient of variance values for
selected population of plant height, no. of leaves per plant, central flowering
stem length, fresh weight per plant, dry weight per plant and leaf blade
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length (6.207%, 36.293%, 4.545%, 46.67%, 6.599% and 5.564%,
respectively) were decreased in comparison to original population (8.795%,
46.553%, 27.247%, 61.971%, 15.952% and 8.357%, respectively) for the
same traits. While, genetic coefficient variance values for selected
population of leaf petiole length and bolting date (9.87% and 9.859%,
respectively) were increased in comparison to original population (8.769%
and 7.623%, respectively). These results agree with those of Goreta and
Leskovar (2006) who reported that genetic variation among spinach for
bolting was documented for many years such that late-bolting cultivars can
be developed through breeding efforts.

Phenotypic coefficient of variance values for selected population of
plant height, no. of leaves per plant, central flowering stem length, fresh
weight per plant, leaf blade length and bolting date (9.354, 52.209, 21.712,
73.638, 17.673, 9.242 and 11.146, respectively) were decreased in
comparison to original population (13.344, 66.419, 40.744, 91.988, 25.918,
12.167 and 15.247, respectively). On the other hand, phenotypic coefficient
of variance for selected population of leaf petiole length (14.165%) were
increased in comparison to original population; (13.048%). These results are
in accordance with the findings of Pamilo (1988) who mentioned that the
relation between the environmental and phenotypic variation is theoretically
best understood, and experimentally best studied, in the case of specific
polymorphism occurring due to variation at a single locus. It was also
indicated that speculations have widely exceeded this simple case and the
overall multilocus-heterozygosity is considered as adaptive strategy
associated with the pattern of environmental hetero-geneity. It was reported
that most of the spinach accessions are landraces which are highly adapted
to specific environmental conditions and were considered as useful sources
of genetic variation (Asadi and Hasandokht 2007). However, utilization of
the genetic potential of different germplasms needs detailed knowledge
about these genetic collections (Morelock and Correll 2008), including
characterization, evaluation and classification. It was repeated that
multivariate procedures are useful for characterization, evaluation and
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classification of germplasm collections when a large number of accessions

are to be assessed for several traits. Besides, the usefulness of the

multivariate procedures for handling morphological variation in plant

genetic resources was proved in many crops (Ayana and Bekele 1999).

Several investigates stated that the generated information of multivariate

procedures might be useful for identifying different accessions that have

explained traits for crossing, for planning efficient plant improvement
program. Also, it is possible to establish core collections for revealing the
structure of variation in plant genetic resources and for investigating some
aspects of crop evolution (Perry and Mclntosh 1991 and Ayana and Bekele

1999).

The percentage of genetic gain for selected population of all traits;
(8.903, 36.878, 18.538, 23.855, 25.918, 21.765, 1.862, 4.161 and 25.372,
respectively). All the previously mentioned results are consistent with
breeder’s objectives.

3.2. Number of male (M), female (F), and unbiased (NB) spinach
populations improved by selection for developing a new delayed
bolting cultivar

Results in Table (4) and Fig. (3 and 4) revealed that multitrait
selection led to changes in populations averages at the level of both number
of days required for flowering and the timing of the emergence of sexual
cases and their numbers during the flowering period. The result showed that
flowering began in the original population at 46 days; while, it was 66 days
in the selected population. In addition, there was an increase in the number
of total female flowers in the selected population compared to the original
population (323 and 183 days, respectively).

The results also showed a decrease in the numbers of total male
flowers in the selected population compared to the original population (27
and 207, respectively). The results also showed a decrease in number of
total hermaphrodite flowers in the selected population compared to the
original population (125 and 206, respectively).
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Table 4. The number of male (M), female (F), and unbiased plants (NB)
spinach population improved by selection for developing a new
delayed bolting cultivar.

_ _ Sexual cases Total
Population Bolting date (plant)
M F NB
46 day 42 - - 42
53 day 77 - 2 79
60 day 63 3 37 103
Original 67 day 18 22 56 96
population 74 day 7 48 51 106
81 day - 56 31 87
88 day - 54 29 83
Total (plant) 207 183 206 596
66 day 12 - 5 17
73 day 15 - 5 20
Selected 80 day - 4 21 %
population 87 day - 96 51 147
94 day - 153 43 196
Total (plant) 27 323 125 475

Note. Flowering began ca. 46 days after germination and continued to
more than 88 days in mother population and more than 94 days in
selected population
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Histogram of sexual cases by populations
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Fig. 3. Histogram of sexual cases in two populations (original
population and selected population) of spinach for developing a
new delayed bolting cultivar.
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Fig. 4. Histogram of sexual cases through six generations of multitrait
selection based on selection index under high temperature in
early season for developing a new delayed bolting cultivar of
spinach.
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In addition, the results showed a decrease in the number of male and
hermaphrodite flowers in the selected population (27 and 207, respectively)
compared to original population (125 and 206, respectively). Moreover, the
results showed that the flowering period of the selected population was less
than that of the original population (28 and 46 days, respectively). As
reported by (Parlevliet 1968), one of the most important characters of a
spinach cultivar is its earliness. This is, in his opinion, determined by the
rate of bolting and so by the rate of flower formation, as both coincide
almost completely. It was also indicated that the rate of flower formation is
determined by three factors: day length (photoperiodic) requirement, rate of
growth. (by varying the light intensity and temperature, the rate of flower
formation appeared to be related to the rate of growth) and balance between
growth and development. Thus, in his breeding for earliness, it was believed
that the genetic control of earliness is most likely a polygenic one as rate of
growth and balance between growth and development can be expected to be
polygenically controlled. This also means that earliness and yield are linked
to each other. To select for the required earliness without unwanted yield
effects, or to increase yield without changing the earliness, selection
methods have been described, which are directed to each of the three
components individually. Each of the components influencing earliness
probably has its own genetic basis. It is unknown whether the day length
requirement in spinach is genetically controlled by a few or many genes. He
added that the research with other crops does not provide a clear answer, as
monogenic and polygenic control of day length reaction has been observed.

The combination of physiological indexes and morphological index
would be helpful to the study of the bolting trait. Genetic variation among
spinach and resistance to bolting among different cultivars for bolting has
been documented for many years (Goreta and Leskovar 2006). The bolting
stage (BS), the elongate stem length (ESL), days to flowering (DTF), days
to bolting (DTB) and Number of leaves in flowering (NLF) are used to
identify bolting index. There is no uniform international standard for the
bolting trait. At present, the identification of morphological index of bolting
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iIs the common evaluation criteria for the bolting traits, but this is highly
subjective as mentioned by Guoliang et al. (2020). Jung, et al (2009)
pointed out that it is very important to understand the mechanisms of
reproductive phase (flowering and bolting) transition in spinach. Change the
seasonal timing of flowering could allow the production of novel varieties
adapted to local climatic and environmental conditions. Mutasa-Gottgens et
al (2010) revealed that breeding targets for the control of bolting in
cultivation must meet the dual, but opposing, needs for high yielding crops
and seed production. It was found that late-bolting spinach is preferred to
increase market value, while early-bolting spinach is beneficial for seed
production. As a long day plant, the photoperiod has a great limitation on
the year-round production of spinach. Early-bolting or late-bolting is both
good for grown spinach if it lacks the sensitivity to photoperiod. So further
analysis is needed to understand both the early-bolting and late-bolting
about the photoperiod in spinach (Chun et al 2000).
3.3. Yield and chemical composition of original population and selected
populations of spinach for developing a new delayed bolting cultivar
Results in Table (5) revealed that mean values of the selected
population using multitrait selection in respect to the traits of yield (2.808
kg/m?), yield (11.234 ton/feddan), P% (0.777 mg/100g), total chlorophyll
(27.296 mg/100g) and Ca% (2.059 mg/100g) were significantly higher than
those of the original population for same traits (1.361 kg/m? 5.446
ton/feddan, 0.412 mg/100g, 26.35 gm and 2.053 mg/100g, respectively).
While, values of N%, K%, Oxalate% and Ca oxalate were statistically
insignificant compared with original population. Biosynthesis of organic
compounds is a complex process dependent on genetic factors (Probst et al
2011). In addition, one of the physiological functions of secondary
metabolites is to assist/protect plants against environmental stresses
(Prochnow et al 2016). Studies have shown that the synthesis of these
metabolites is affected by the local climate, including factors such as
rainfall, temperature, relative humidity, and photoperiod ( Schmidt et al
2017).

590


https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-737X2019000200085#B18
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-737X2019000200085#B18
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-737X2019000200085#B20
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-737X2019000200085#B23
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-737X2019000200085#B23

Table 5. Yield and chemical composition evaluated in two populations

(original population and selected population) of spinach.

Character? Original population Selected population
yield kg/m? 1.361P 2.8082
yield ton/feddan 5.446° 11.2342
N% 1.0482 1.1202
P% 0.412° 0.7772
K% 0.3082 0.3282
Total chlorophyll 26.35P 27.2962
Ca% 2.053° 2.0592
Oxalate % 3.1352 3.1292
Ca oxalate 4.7912 4.7122

1: 96 N = total nitrogen (%), P = total phosphorus (%), K = total potassium
(%), Ca = total calcium (%), and Ca oxalate = calcium oxalate (%6). means
within rows followed by the same letter are not statistically different at 5%
level (Unpaired two-tailed Student’s t-test.).

The results showed that the present selection program based on
multitrait selection under high temperature in early season had clear effects
on genetic and phenotypic parameters. These results are in accordance with
the desired breeding objectives. Moreover, the multitrait selection based on
selection indices showed differences consistent with the goal of the
selection program in chemical content of leaves that was significantly
observed in the selected population compared to chemical content of leaves
in the original population.
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Intersexual differences in spinach (Spinacia oleracea L.).

Pistillate (female) || & Monoecious male £
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Pic. 4. The early bolting extreme
males (C) compared with
vegetative males (D) in

spinach.

Pic. 5. The early bolting extreme males
(C) compared with female plants
(A) in spinach.

Pic. 6. Male flowers in spanich
plants.
(https://www.slideshare.ne
t/STwaX/zwv254?qid=20b
d6ab9-8c38-4822-bd92-
38cd7aece3b0&v=&b=&fr

om_search=1)

Pic. 7. Female flowers in spanich plants.
(https://www.slideshare.net/S7w4
X/zwv254?qid=20bd6ab9-8c38-
4822bd9238cd7aece3b0&v=&b=&
from_search=1)
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