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Effect of Sowing Dates and Number of Cuttings on Yield and Quality of
Spinach (Spinacia oleraceae L.)
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Two field experiments were carried out in clay loam soil at Experimental farm, Baramon, Dakahlia Governorate during
the two winter seasons of 2010/11 and 2011/12 to investigate the effect of four sowing dates (15 Oct., 1 Nov., 15 Nov. and 1
Dec.) and three harvesting patterns (without cutting C,, one cutting C, and two cuttings C,) as well as their interaction on yield
and quality of spinach cv. Balady. The experiments were laid out in a split plot design with three replicates where sowing dates
were the main factor and the number of cuttings was the secondary factor. The obtained results indicated that sowing date at mid
October followed by first of November promoted vegetative growth characters, which showed a significant increase in plant
height, number of leaves/plant and average leaf area. In addition, early sowing at mid October and first of November produced
the greatest fresh foliage weight/plant, fresh yield and total fresh yield. Moreover, early sowing dates increased dry matter
content in spinach leaves but showed the least values for total chlorophyll content. Harvesting spinach plants without cutting led
to an increase in plant height and average leaf area, whereas the second cutting exhibited the largest number of leaves/plant.
Harvesting plants without cutting showed the largest means of plant height, average leaf area, foliage fresh foliage weight/plant
and fresh yield, while total fresh yield was increased by cutting spinach plants twice. The interaction between sowing dates and
number of cuttings showed significant differences for all studied characters in both seasons of the study. Generally, it could be
concluded that the suitable treatment to maximize spinach yield was sowing spinach at mid October or first of November and cut
plants twice. Otherwise, delaying sowing date causes a reduction in vegetative growth and consequently total yield production

ABSTRACT

INTRODUCTION

Spinach (Spinacia oleraceae L.) is a cool season
leafy crop that belongs to the family Amaranthaceae
(APG II, 2003 ; Salk et al., 2008). It is a popular leafy
crop in Egypt. The total area devoted for spinach in
Egypt in 2013/2014 winter season was 3480 feddans
and the total production was 24072 tons/fed., with an
average yield of 6.917 ton/fed.(Bulletin of Agricultural
statistics, 2015)

Spinach is well known for its nutritional value
due to its high content of vitamins A, C, E, B6, B9, folic
acid and minerals (Fe, Ca, Mg) and dietry fiber (Maeda
et al, 2010). It is particularly distinguished for its high
vitamin C content, minerals, especially Fe, riboflavin
and its low calories. Moreover, it is one of the most
important anti- oxidative vegetables and is one of the
most highest oxygen radical absorbance capacity
(Lomnitski et al. 2003; Cho et al. 2008)

The leaves are generally consumed after cooking or
take part into food processing as a frozen product, canned
or dried (Panda, 2013; Hui and Evranuz, 2015). It is
usually consumed after boiling either fresh or frozen
leaves.

There are several factors affect the growth and
productivity of spinach plants. Environmental factors
greatly affect plant growth and yield. Sowing date is an
important factor that affects plant growth and production.
It is related to environmental conditions e.g., temperature,
day length, light intensity and humidity.

The suitable sowing date provides the optimum
environmental conditions for spinach growing. Sowing
at mid October exhibited the highest vegetative growth
values and yield of spinach plants as compared to
sowing at November. (Waseem and Nadeem, 2001;
Ramadan, 2004; Ibrahim et al, 2010 and Sensoy et al.,
2011). Delaying sowing date after October cause a
decrease in spinach yield (Ramadan, 2004; Sensoy et
al., 2011; Ibrahim et al., 2012). Plants subjected to long

days especially coupled with high temperatures above
25° C induce bolting which reduce the production of
spinach crop (Changoo et al. 2001; Hata et al, 2006).
So, spring sowing encountered the problem of bolting
which is detrimental to production of spinach.

The yield of spinach depends on vegetative
growth. It may be expressed in terms of number of
leaves, size and weight. For obtaining additional
vegetative yield, repeated cuttings of plants are carried
out so that new vegetative growth would occur. In this
respect, Waseem et al. (2001) pointed out that the
cuttings treatments showed significant difference for
plant height, fresh and dried foliage yield, whereas the
cuttings showed a non-significant behavior for number
of leaves. First cutting gave the maximum number of
leaves, fresh and dried foliage yield.

Waseem and Nadeem (2001) studied the effect of
three cuttings on spinach. They reported that the third
cutting showed the highest fresh and dried vyield
followed by second cutting and first cutting,
respectively. Moreover, Awan et al. (2016) reported that
the second cutting showed maximum plant height, fresh
biomass (Kg/ha), and dried biomass.

In the same manner, the effect of frequent
cuttings has been studied for spinach beet (Beta vulgaris
L.). Bharad et al. (2013) proved that one cutting
exhibited higher records rather than in two cuttings for
plant height, leaf area and leaf chlorophyll, while three
cuttings exhibited the least values. On the other hand,
three cuttings exhibited the highest values for number of
leaves/plant and total yield. Singh et al. (2015), on
spinach beet, found that plant height was decreasing in
second and third cuttings and the second cutting
produced greater green leaf yield than the third and first
cuttings, respectively.

The aim of the current investigation is to make
the best use of unit area and maximize foliage yield of
spinach. Therefore, the present study was carried out to
investigate the effect of different planting dates and
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frequency of cuttings on vegetative growth, yield and
quality of spinach cv. Balady.

MATERIALS AND METHODS

This investigation was conducted in a clay loam
soil at the experimental farm , Baramon, Dakahlia
Governorate during the two winter seasons of 2010/11
and 2011/12 , using the spinach cv. Balady.

The monthly average maximum (Max.) and
minimum (Min.) temperatures during the growth
seasons of spinach plants are shown in Table (1)*:

Table 1. The maximum and minimum temperatures
during 2010/11 and 2011/12 seasons.
Air Temperature (°C)

Months 2010/11 2011/12
Max. Min. Max. Min.
October 29.3 20.4 28.2 19.4
November 25.9 13.3 254 135
December 225 10.5 20.1 115
January 19.8 10.2 17.6 10.2
February 20.5 114 20.2 121

*Agricultural Meteorological Station, Aga, Dakahlia.

A split plot design based on randomized
complete blocks with three replicates was used. Four
sowing dates (15 Oct., 1 Nov., 15 Nov., and 1 Dec.)
were assigned to main plots; whereas the sub-plots were
devoted to three frequencies of cuttings (No cutting Co,
one cutting C; and two cuttings C,). At the marketable
stage, spinach plants, grown from seeding, were rooted
up 50 days after sowing (without cutting C,) or were cut
5 cm above the soil surface (one cutting C,). Plant
cutting was performed twice, so that the second cutting
was carried out 25 days after the first cutting (two
cuttings C,).

Each experimental sub-plot consisted of four
rows. Each row was 4 m long and 0.6 m width. The
other common agricultural practices for spinach
growing were followed according to the technical
recommendations of Ministry of Agriculture.

At the marketable stage, ten plants from each
experimental plot were randomly taken for recording
data on plant height (cm), number of leaves/ plant,
average leaf area (cm?) according to method described
by Koller, 1972, fresh foliage weight/plant (gm), fresh
foliage weight/ plant (gm), dry matter content (%) , as
well as total chlorophyll content according to AOAC
(1990).

To estimate dry matter content, fresh leaves from
each treatment were cut into slices then dried in an oven
at 70° C until constant weight and the dried slices of
leaves were weighted then the dry matter percentage
was calculated as follow:

Dry matter content (%) = weight of dried leaves/weight of
fresh leaves x 100.

After harvesting, fresh yield (ton/fed.) was
determined from harvesting plot yield for each
treatment, whereas total yield (ton/fed.) were obtained
by summing the fresh yield of cuttings for plot;
hereafter the total yield per feddan was calculated from
yield of plots. Hence, the total yield for two cuttings is
obtained by adding fresh yield of the second cutting C,

to the fresh yield of the first cutting C,, to gain the total
yield for the two cuttings.

All obtained data were subjected to statistical
analysis of variance (ANOVA), using split-plot design
according to Gomez and Gomez, 1984. Comparison
among means of treatments was made using LSD at 5%
level of probability.

RESULTS AND DISCUSSION

1. Effect of sowing date
Vegetative characters

Results in Table 2 illustrate the effect of sowing
date on plant height, number of leaves and average leaf
area in 2010/11 and 2011/12 winter seasons. Sowing at
15 October significantly exhibited the highest mean
values in both seasons for plant height, number of
leaves per plant and average leaf area, whereas delaying
sowing date after October decreased all studied
vegetative characters. It is evident that the earlier
sowing date at 15 October promotes vegetative growth
when compared to delayed planting at November and
December. The promoting effect of early planting on
studied vegetative characters may be attributed to the
favorable air temperature (Table 1), day length and light
intensity prevailing during growth season. These
findings were reinforced by by (Waseem et al, 2000;
Waseem and Nadeem, 2001, Ramdan, 2004; Ibrahim et
al., 2010 Sensoy et al., 2011; and Ibrahim et al, 2012).

Table 2. Effect of sowing dates and number of cuttings
on vegetative characters of spinach plants in
2010/11 and 2011/12 seasons.

PIarEt h(;ight No./oT Iei\ves Le(af a2r)ea
cm an cm
Treatment 501011 2011/12 2010/11O 2011/2012 2010/11 2011/12
15 Oct. 3229 2799 2193 2315 32.86 29.77
1 Nov. 29.49 27.08 20.57 2142 29.69 31.19
15 Nov. 25.01 23.37 20.31 19.78 25.34 26.06
1 Dec. 22.17 2229 19.79 21.68 24.49 22.58
LSDat5% 0.82 0.48 0.63 1.02 0.54 0.98
Co 31.29 28.26 19.36 20.04 29.45 32.62
C; 28.69 27.70 1959 20.65 28.75 28.75
C, 21.75 19.83 22.92 23.76 25.42 24.43
LSDat5% 0.93 0.39 0.49 0.38 0.61 0.18

Yield characters

Data in Table 3 demonstrate the presence of
significant effects of sowing dates on yield characters.
Data showed that the highest values for fresh foliage
weight/plant in both seasons (159.73 and 153.42 gm.),
fresh yield (5.92 and 5.46 ton/fed) and total fresh yield
(8.32 and 7.45 ton/fed) were recorded when sowing at
15 October. Thus, sowing at mid October significantly
produced greater total fresh yield followed by sowing at
1 November. These results may be ascribed to the
favorable climatic condition existing during mid-
October and 1 November as compared to 15 November
and 1 December (Table 1). The relatively high
temperature in October enhances vegetative growth
when compared to lesser temperature in November and
December. Meanwhile, sowing at 15 November and 1
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December resulted in significant decrease in yield and
its components characters in relation to earlier sowing
dates. Several investigations confirmed that the earlier
sowing dates produced larger fresh and total yields in
comparison with late sowing dates. (Waseem et al.,
2000; Ramadan, 2004; Ibrahim et al., 2010; Sensoy et
al, 2011 and Ibrahim et al, 2012)

Table 3. Effect of sowing dates and number of
cuttings on vyield characters of spinach
plants in 2010/11 and 2011/12 seasons.

Fresh foliage Fresh yield Total fresh
Treatment weight/plant(gm) (ton/fed.) yield (ton/fed.)
2010/11 2011/12 2010/11 2011/2012 2010/11 2011/12
150ct. 159.73 15342 592 546 832 7.45
1 Nov. 15474 14490 565 512 7.99 7.02
15Nov. 140.35 13254 460 449 652 6.21
1 Dec. 131.19 129.21 409 395 582 535
LSDat5% 0.72 124 073 074 108 0.78
Co 157.70 148.03 6.58 6.03 6.58 6.03
C, 15456 14452 6.34 564 6.34 576
C, 12730 127.34 227 251 859 7.94
LSDat5% 1.42 042 024 039 007 041

Quality characters

As shown in Table 4, significant differences were
detected between the various sowing dates for dry
matter and total chlorophyll. These results reflect that
dry matter content was greater when sowing at 15
October and 1 November in both seasons, whereas the
total chlorophyll in spinach leaves exhibited the
maximum values when sowing plants at 1 December
(132.76 and 128.52) in the first and second seasons,
respectively. The obtained data might be ascribed to the
seasonal environmental conditions during growing
season such as temperature, day length and light
intensity. In this respect, Lefsrud et al. (2005) found that
dry matter percentage in spinach leaves increased as the
air temperatures increased from 10 to 20°C, while
chlorophyll content in spinach plants decreases. On the
other hand, Conte et al. (2008) proved that chlorophyll
content in spinach leaves had slight changes due to
variability in climatic conditions. These results are in
agreement of those obtained by Ramdan, 2004; Ibrahim
et al., 2010 and Ibrahim et al, 2012 who found that
planting spinach at 15 October resulted in the highest
dry matter percentage in leaves compared to sowing at 1
and 15 November.
2. Effect of number of cuttings
Vegetative characters

Effect of number of cuttings on vegetative
growth characters e.g., plant height (cm), number of
leaves/plant and average leaf area (cm?) are presented in
Table 2. It is obvious that the highest means for plant
height were recorded when harvesting spinach plants
without cutting Cy (31.29 and 28.26 cm) or with one
cutting C; (28.69 and 27.70 cm) in 2010/11 and
2011/12, respectively. Harvesting plants without cutting
Co resulted in greater plant height as compared to
harvesting by cutting plants one time C;. This
observation was due to that the whole plants were
rooted up in the first treatment, whereas cutting plants

resulted in cutting the base of plants above soil and
declined the base length afterwards. The second cutting
plants C, recorded significantly least means of plant
height (21.75 and 19.83 cm) in both growing seasons.
These results are in line of those reported by Waseem et
al., 2001; Bharad et al., 2013 and Singh et al., 2016. In
addition, the highest means for leaf area were resulted
from harvesting plants without cutting C, (29.45 and
32.62 cm?) in both seasons of the study. It is evident
that leaf area decreased in the first cutting C; and in the
second cutting C,. On the other hand, the largest
number of leaves per plant was recorded at the second
cutting C, (22.92 and 23.76), which might be due to the
pruning. Pruning encourages the development of side
shoots, which resulted in increasing number of
leaves/plant (Singh et al., 2015)

Table 4. Effect of sowing dates and number of
cuttings on quality characters of spinach
plants in 2010/11 and 2011/12 seasons.

Dry matter Total chlorophyll

Treatment (%) (mg/100 gm fresh weight)
2010/11 2011/12  2010/11  2011/2012

15 Oct. 9.32 9.70 110.94 113.22
1 Nov. 941 9.68 115.23 114.85
15 Nov. 8.42 8.62 122.73 120.57
1 Dec. 8.32 7.93 132.67 128.52
LSD at 5% 1.09 0.77 1.09 1.76
Co 8.97 9.36 126.54 124.37
C, 8.78 9.59 124.03 123.92
C, 8.89 9.53 113.61 110.47
LSD at 5% 0.86 0.48 2.15 2.05

Yield characters

Data illustrated in Table 3 show the effect of
frequency of cuttings on yield characters. These data
indicate that harvesting spinach by rooting up (Cop)
significantly resulted in the highest means for fresh
foliage weight per plant (157.70 and 148.03 gm) in both
seasons followed by cutting plants one time C; (154.56
and 144.52 gm), whereas the second cutting C,
decreased fresh foliage weight/plant (127.30 and 127.34
gm) in each season. Consequently, harvesting plants
without cutting Cy or by one cutting C; significantly
produced the largest fresh yield, whereas the second
cutting C, treatment produced remarkably lesser fresh
yield which could be ascribed to renewing of vegetative
growth which is less vigorous than vegetative growth
before cutting; and prevailing of low temperature during
the vegetative growth. These results are in harmony
with those obtained by Waseem et al, 2001; Waseem
and Nadeem, 2001 and Awan et al., 2016. Meanwhile,
El-Lithy et al. (1998) indicated that cutting spinach
plants twice caused an insignificant increase in fresh
yield as compared with that without cutting.

Regarding total fresh yield, cutting spinach plants
twice C, produced the greatest total fresh yield (8.59
and 7.94 ton/fed.) in both seasons. Despite the little
fresh yield produced in the second cutting C, of plants
(2.27 and 2.51 ton/fed), the overall fresh yield of plants
was greater when the fresh yield of the second cutting
was added to the fresh yield of the first cutting to obtain
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the total fresh yield after two cutting of plants. It could
be suggested that the total fresh yield of the spinach
plants could be maximized when two cuttings are
conducted to harvest spinach plants.

Quality traits

Data in Table 4 show that the differences in
means of dry matter content in spinach plants were non
significant in both seasons in respect of frequency of
cuttings. Furthermore, the highest means of chlorophyll
content was recorded when plants were rooted up C,
and cut one time C;, whereas the least means for total
chlorophyll content was recorded in the second cutting
C,. These results was confirmed by Bharad et al. (2003)
and Awan et al. (2016) who reported that leaf
chlorophyll was influenced by number of cuttings and
that the maximum chlorophyll content was obtained by
one cutting followed by two cuttings in Indian spinach.
3. Effect of interaction between sowing dates and

number of cuttings
Vegetative characters

Data of interaction effects of sowing dates and
number of cuttings are shown in Table 5. The interaction of
sowing dates and number of cuttings showed significant
effects on plant height, number of leaves/plant and average
leaf area in both seasons of the study.

Sowing plants at mid October and harvesting
plants without cutting C, resulted in the highest mean
values for plant height and leaf area in both seasons. It
is suggested that sowing plants at 15 October provides
suitable climatic conditions for vegetative growth, while
harvesting plants without cutting Cy led to root up plants
without losing the base of the plant. Regarding number
of leaves/plant, data in Table 5 indicate that performing
the second cutting C, at mid October significantly
produced the largest number of leave/plant. The
increment in number of leaves could be attributed to the
dual effect of climatic conditions at mid October and the
promoting effect for producing additional side shoots
after the first cutting.

Table 5. Effect of interaction of sowing dates and
number of cuttings on vegetative characters
of spinach plants in 2010/11 and 2011/12

seasons.
T Plant height No. of Leaf area
reatment 2
(cm) leaves/plant (cm?)

Date Cl"l\ﬁgng 2010/11 2011/12 2010/11 2011/2012 2010/11 2011/12

C, 3688 3117 2089 22.61 3259 31.19
ésct. C, 3458 2097 2061 2131 3250 29.84
C, 2541 2218 2396 24.87 31.49 28.28
C, 3318 3017 19.64 2046 3159 31.65
1Nov. C, 2991 3017 2042 2008 29.69 32.90
C, 2536 2072 21.66 2373 27.81 29.15
C, 2893 2518 1907 1923 2757 28.42
E‘ZV. C, 2609 2617 1768 1871 26.71 27.62
C, 2002 19.18 2238 2142 21.62 22.15
C, 2615 2512 17.81 20.61 27.08 2516
1Dec_ C, 2416 2361 1943 2042 2511 24.42
C, 1622 17.60 23.16 2435 20.64 18.15
LSDat5% 185 078 099 076 121 036

Yield characters

Data presented in Table 6 indicate the interaction
of sowing dates and number of cuttings on yield
characters of spinach. The statistical analysis of
obtained data reveals that the differences within
different interaction treatments were significant for
fresh foliage weight/plant, fresh yield and total fresh
yield in both seasons of the investigation.

These results prove that the combination of
sowing at mid October and harvesting plants without
cutting C, exhibited the highest fresh foliage weight
/plant (171.74 and 162.82 gm), fresh yield (7.34 and
6.23 ton/fed.) in both seasons, which could be ascribed
to prevalence of the optimum climatic factors in
October as compared with November (Table 1) that
encourages vegetative growth and consequently
produced the highest yields. In addition, harvesting
plants without cutting Cy led to cut the whole plant
without discarding any part of plant base above soil
surface.

Concerning total fresh yield, the combination of
sowing at 15 October and cut plants twice produced the
maximum total fresh yield (10.14 and 9.52 ton/fed.)
followed by sowing at 1 November and cut plants twice
(9.64 and 9.34 ton/fed.). These findings could be
explained by the favorable environmental conditions in
mid October and 1 November in addition to harvesting
plants twice that led to maximize total yield production.
It is suggested that best sowing dates for spinach are 15
October followed by 1 November, whereas delayed
sowing dates would reduce yield production.

Table 6. Effect of interaction of sowing dates and
number of cuttings on yield characters of
spinach plants in 2010/11 and 2011/12
5easons.

Treatment Eresh foliage Fresh yield _Total fresh
weight/plant(gm) (Ton/fed.) yield (ton/fed.)

Date Cl';\tlgng 2010/11 2011/12 2010/112011/122010/112011/12
15 C, 17174 16282 7.34 6.23 7.34 6.23
Oct C; 167.11 15538 7.20 6.40 7.20 6.40
" C, 140.12 14172 322 3.34 10.14 9.52

1 C, 16532 15153 7.17 621 7.17 6.21
Nov C, 16421 150.73 6.92 6.10 6.92 6.10
" C, 13452 13242 291 291 9.64 9.34
15 C, 152.14 14062 6.36 591 6.36 591
Nov C, 14863 136.81 584 570 5.84 5.70
" C, 120.71 11995 154 193 753 7.02

1 C, 14042 137.09 541 528 541 5.28
Dec C, 138.18 13458 526 482 526 4.82
" C, 11475 11536 152 189 6.54 6.42
LSDat5% 2.84 085 048 0.74 0.14 0.84

Furthermore, harvesting plants by cutting twice
in combination with sowing at 15 October or 1
November would increase the total fresh yield. These
results are in harmony with those reported by Waseem
et al., 2001; Bharad et al., 2013 and Singh et al., 2015
on spinach beet.
Quality characters

Data of the interaction effect between sowing
dates and number of cuttings are presented in Table 7.
Data of the interaction showed significant effects for the
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combination of sowing dates and frequency of cuttings
on dry matter content and total chlorophyll content in
spinach leaves. These data indicate that dry matter
content increases when sowing at early sowing dates at
mid October or first of November, whereas the late
sowing dates afterwards decrease dry matter content.
Regarding total chlorophyll, the highest records of total
chlorophyll content were obtained in sowing date at 1
December and harvesting plants without cutting C, or
with one cutting C; in both seasons.

Meanwhile, it is clear that total chlorophyll
content decreases at later sowing dates in 15 Nov and 1
December when harvesting plants at the second cutting.
These results could be explained by the cold
temperature, short day and less light intensity during
shoot growth.

It is recommended under the present research
trial conditions, that early sowing at 15 October or 1
November and applying two cuttings is favorable
treatment that leads to maximize the total fresh yield of
spinach. Otherwise, delaying sowing dates cause a
reduction in vegetative growth and consequently total
yield.

Table 7. Effect of interaction of sowing dates and
number of cuttings on quality characters of
spinach plants in 2010/11 and 2011/12 seasons.

I E
Date Cu’\tlglng 2010/11 2011/12 2010/11 2011/2012
Co 9.29 10.15 11257 114.38
15 Oct. C; 9.08 1043 112.30 115.22
C, 9.58 9.81 108.13 110.07
Co 9.11 10.06 118.77 119.14
1 Nov. C; 9.62 10.38 116.57 117.23
C, 9.47 9.53 110.48 108.18
Co 8.66 8.68 126.12 125.72
ﬁlsov. C; 8.11 9.03 127.60 126.03
C, 8.54 8.16 114.46 111.62
Co 8.75 8.56 136.80 138.25
1 Dec. C, 8.21 8.51 139.71 137.19
C, 7.96 8.14 12151 120.18
LSD at 5% 1.72 0.97 5.15 4.16
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