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Abstract

Subjection of seeds to a chilling pretreatment has been reported to enhance
crop yield particularly earliness in number of vegetable crops including seed-
grown (annual) globe artichoke. Therefore, the current study was carried out to
assess the impact of seed chilling pretreatment on the production of seed-
propagated globe artichoke in two cultivars (EL-Balady and Chinese) under As-
siut conditions. Four seed pretreatments were utilized. These were seeds imbibed
in water for 24 h and subjected to chilling at 4-5 °C for 0 (positive control), 10
and 15 d, in addition to untreated seeds (negative control). These seed pretreat-
ments were scheduled so as to be simultaneously ready at the time of sowing. A
field experiment was carried out to test these treatments during 2014/2015 and
2015/2016 winter seasons at the Experimental Farm of Faculty of Agriculture,
Assiut University, Assiut, Egypt. Data revealed an influential effect for seed
chilling on growth, earliness and yield of artichoke. Comparing to plants of both
control treatments, imbibed seeds which were subjected to chilling at 4-5°C for
15 d gave the greatest reduction in number of days to form heads and highest
early head yield. Average head weight, number of heads/plant and head diameter
and height were increased while total yield was elevated. This pre-sowing seed
chilling treatments increased yield by 22.5% and 40.3% relative to positive and
negative controls, respectively, on average. The reduction in the number of days
to develop harvestable inflorescences ranged from 21 d to 23 d comparing with
the positive and negative controls, respectively, on average. Apparently, seed
chilling pretreatment may be usefully applied to overcome the delay in head for-
mation, due to insufficient natural chilling under Assiut conditions, while elevat-
ing total head yield and expanding production season.
Keywords: cultivars, flower head, pre-sowing treatments, yield components, yield qual-
ity, vernalization.

Introduction

Artichoke is a vegetable that cul-
tivated for fresh undeveloped flower
head (Satata et al. 2012). Globe arti-
choke is a large immature flower bud
rich in medicinal substances. It is con-
sidered one of the most important
vegetable crops in the countries bor-
dering the Mediterranean basin in-
cluding Egypt. The world production
of globe artichoke increased from

1205 to 1290 million tons from 1999
to 2000 (Behr, 2001). In Egypt a re-
newed attention is given to promote
globe artichoke production (Mohamed
et al., 2002a; Mohamed et al., 2002b)
to satisfy the increased demands of
local consumption and for exportation
as well. High quality artichoke buds
and early production of flower heads
during December to February is im-



S.Y. Attallah, 2017

http://ajas.js.iknito.com/

portant for successful production and
exportation of this crop.

The early harvest period from
December to February for globe arti-
choke in Egypt is economically inter-
esting because in most European
countries there is no production dur-
ing these months, except in southern
Italy and Spain, but they are also a big
consumer for globe artichoke. The
earlier the harvest the higher the
prices of the globe artichoke in the
market. In Egypt the highest market
prices are obtained from December to
February also. Literature demonstrates
that artichoke seeds are able to germi-
nate over a wide range of tempera-
tures (3-4 to 35-39 °C) and exhibit
neither photoperiodic sensitivity nor
dormancy. In this connection,
Schrader et al. (1992) reported that
significant yield increases were
achieved when artichoke was propa-
gated by seed. Globe artichoke plants
are biennial when grown from seeds
(Hill, 1993). This 2-year cycle re-
quires milder winters than they do
happen in Connecticut, but it has been
shown that the growth cycle can be
shortened to 5-6 months by seed ver-
nalization (moistened chilled seeds) or
by GA; application to young plants.
These techniques enabled satisfactory
flower bud production on plants
grown as annuals. The most suitable
temperature for vernalization ranged
from 2°C to 7° C (Harwood and Mark-
arian 1968).

Vernalization has been induced
in globe artichokes by stratifying seed
(Gerakis et al., 1969; Hill and May-
nard, 1989). Vernalization is meta-
bolic process that causes plant to
change from a vegetative stage to re-
productive stage. This change may be
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initiated by subjecting seed to a cool
moist treatment. Induced vernalization
is done after soaking seeds in tap wa-
ter at room temperature to soften the
seed coat then refrigerated. Applica-
tion of pre-sowing seed chilling has
been reported to enhance fruit crop
productivity of pumpkin (Cucurbita
spp) (Hussein et al., 2010) and earli-
ness and curd yield of cauliflower
(Mohamed et al., 2014). From the
crop production point of view, seed
chilling is considered simple and envi-
ronmental friendly treatment plus it
adds no substantial production cost.
Therefore, the aim of this research
work was to assess pre-sowing im-
bibed seed chilling treatments as af-
fecting the production of seed-
propagated (annual) artichoke under
Assiut conditions.
Materials and Methods

This study was carried out at the
Experimental Farm of Faculty of Ag-
riculture, Assiut University, Assiut,
Egypt, during 2014/2015 and
2015/2016 winter seasons. Seeds of
two globe artichoke cultivars (EL-
Balady and Chinese) were subjected
to low temperatures before sowing
into the field on 22 and 28 September
for the first and second seasons, re-
spectively.
Plant material and experimental
procedure

Seeds of EL-Balady and Chinese
cultivars imbibed in water for 24 h
were subjected to chilling at 4-5 °C
for 0 (positive control), 10 and 15 d in
addition to untreated seeds (negative
control). These seed treatments were
scheduled so as to be simultaneously
ready at the time of sowing. The ex-
periment was conducted using ran-
domized complete-block design with
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three replications. Each experimental
plot consisted of three rows. Each row
was 3.5 meters long and 1 m wide.
The seeds of cv El-Balady were pro-
duced locally while the seeds of Chi-
ness cv were obtained from Flower-
Goddess Agriculture Company.Within
row planting distance was 75 cm.
Each replicate consisted of eight
treatments, 1.e. the combinations of
four pre-sowing seed chilling treat-
ments and two cultivars.

Fertilizer applications comprised
45 kg P,0Os/ha (calcium superphos-
phate 15.5 % P,0Os), 60 kg N/ha (am-
monium sulphate 20.5 % N) and 65
kg K,O/ha (potassium sulfate 49 %
K;0). Calcium superphosphate was
soil-incorporated two weeks before
transplanting. Ammonium sulfate was
side dressed in 5 doses; first dose was
40 days after planting, second at the
heading stage, third before the first
harvest and fourth and fifth ones after
the first harvest. Other agricultural
practices of irrigation, pest control...,
etc, were applied as recommended for
globe artichoke production (Hasan,
1991). Harvesting of artichoke floral
heads was done successively as they
developed up to early May.
Measurements

Number of days lapsed to form
inflorescence head, main shoot height
(cm), stem base diameter (cm), num-
ber of branches per plant and number
of leaves per plant were determined
for the mature plants. Random sam-
ples of five flower heads were taken
from each plot at the mid-harvest sea-
son to determine the head diameter
(cm), head height (cm) and the head
weight (g). Head yield of first three
harvests was considered as an esti-
mate of early yield. It was recorded as
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weight of heads / plant and was ex-
pressed as ton/feddan. Total head
yield (ton/feddan) was the sum of
head weight per plant overall harvests.
It was also expressed as head yield
/fed.

Statistical process

The obtained data were statisti-
cally analyzed following the proce-
dure of the analysis of variance
(Snedecor and Cochran, 1980). Data
of each season, separately, were sub-
jected to analysis of variance then the
homogeneity of error variances was
tested. As the homogeneity of error
variances was verified, the two sea-
sons combined data were used in
combined analysis of variance. Means
of the treatments were compared us-
ing the Duncan’s Multiple Range Test
(DMRT) at 0.05 probability level.
Results and Discussion

The analysis of variance (Tables
1, 2 and 3) shows significant influence
for the studied treatments on all crop
parameters. These treatment effects
did not manifest significant interaction
with the year effect. However, the data
were presented for each separate year
for further clarity. Mean comparisons
in the current study obviously show
that subjection of seeds imbibed for 24
h to low temperature (4-5°C) resulted
in significantly enhanced artichoke
productivity (Tables 1, 2 and 3). Gen-
erally, longer period of subjection time
(15 d) to chilling demonstrated more
influential effect in most yield key
traits, especially earliness.

Regarding main vegetative char-
acteristics of the Chinese cv, the num-
ber of leaves/plant was low for plants
of both control treatments (seeds im-
bibed only or untreated) comparing
with those which received chilling pre-
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treatment for the seeds (Table 1). Im-
bibed seeds of El-Balady cv that were
subjected to low temperature (4-5°C)
for 15 d gave significantly greater
number of leaves only in the first year.
Seed chilling produced plants having
taller main shoot in the Chinese cv in
both years than control treatments.
The values for main shoot height in
El-Balady cv were comparable among
different treatment in the first year and
lacking sharp differences in the second
year. Shoot diameter at the bottom
displayed a significant augmentation
in both years for the plants propagated
by seeds chilled for 15d, except in the
Chinese cv in the second year. Plants
raised from seeds chilled prior to
planting had greater number of
branches/plant at the end of season in
both cvs and years than plants derived
from untreated seeds (negative con-
trol) or seeds imbibed only (positive
control). Number of branches/plant at
the end of season was larger for posi-
tive control plants as compared with
negative control plants. In both cvs
and  years, the number of
branches/plant at the end of season
exhibited elevation when seeds were
chilled for 15 d prior to planting as
compared with chilling for 10 d.
Imbibed seeds subjected to low
temperature (4-5°C) for 10 or 15 days
resulted in significantly decreased
number of days to form heads in com-
parison to either control treatments
(Table 2). There were no difference
between the plants derived from seeds
imbibed only (positive control) and
those from untreated seeds (negative
control). Fifteen days of pre-sowing
seed subjection to chilling gave plants
forming earlier heads than subjection
for ten days. For cv El-Balady com-
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pared with the control, the reduction
in the number of days was 24 d in the
first year and 23 d in the second year
when the plants were raised from
seeds received chilling for 15 days.
The reductions in the number of days
for cv Chinese were 19 d and 21 d in
the first and the second year, respec-
tively. Rather similar behavior was
displayed by the early yield of heads
(Table 2). Seed chilling pretreatment
led to producing higher early head
yield than either control treatments.
Plants derived from seeds imbibed
only (positive control) showed greater
values for early yield than those from
untreated seeds (negative control), ex-
cept in the second year for the Chinese
cv. The chilling for 15 d was superior
to 10 d in this regard. For cv El-
Balady, the increase in the early yield
was 10.5% in the first year and 17.2 in
the second year, relative to the posi-
tive control, when the plants were
raised from seeds received chilling for
15 days. The increases in the early
yield for Chinese cv were 4.5% and
9.5% in the first and the second year,
respectively.

Total head yield exhibited com-
parable response to early head yield as
affected by the period of time of sub-
jection to seeds pretreatment (Table
2). Pre-sowing seed chilling treatment
produced higher head yield than either
control treatments. Plants derived
from seeds imbibed only (positive
control) showed greater values for to-
tal head yield than those from un-
treated seeds (negative control). Chill-
ing for 15 d surpass chilling for 10 d
in this regard. For cv El-Balady, the
increase in the total head yield was
24.6% in the first year and 26% in the
second year, relative to positive con-
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trol treatment, when the plants were
raised from seeds received chilling for
15 days. The increases in the total
head yield for Chinese cv were 25%
and 21% in the first and the second
year, respectively. Number of heads
significantly increased as a result of
subjecting the seeds to the low tem-
perature. There was no difference in
the number of heads between subjec-
tion for 10 d and 15 d concerning El-
Balady cv in both years and for the
Chinese cv in the second year. The
Chinese cv, however, produced sig-
nificantly larger number of heads in
the first year when seeds were sub-
jected to chilling for 15 d. Plants de-
rived from seeds imbibed only (posi-
tive control) showed greater number
of head than those from untreated
seeds (negative control).

Plants raised from seeds imbibed
for 24 h and subjected to low tempera-
ture (4-5° C) gave significantly greater
height for head than either control
treatments (Table 3). This was alike
for head diameter and head weight in
both cultivars and years. Longer time
(15 d) of subjection to the low tem-
perature exhibited increases over
shorter one regarding height for head,
head diameter and head weight. Plants
derived from seeds imbibed only
(positive control) showed greater val-
ues for head height, diameter and
weight than those from untreated
seeds (negative control).

The depicted results here imply
for a quantitative nature of response
of the artichoke to seed chilling pre-
treatments. Accordingly, plants de-
rived from untreated seeds formed
heads while plants from vernalized
seeds showed enhanced response for
head development including earliness
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and yield (Hussein et al., 2010; Mo-
hamed et al., 2014). The longer period
of time (15 d) of seed subjection to
the low temperature revealed an im-
proved response reflected in reduced
number of days to develop heads and
elevated early and total head yield. In
the present study, it was further ob-
served that seeds imbibed for 24 h
prior to planting (positive control) had
an enhanced effect on earliness, yield
and head characteristics in compari-
son to untreated seeds (negative con-
trol). Pre-planting imbibitions of the
seeds can provide sufficient seed hy-
dration. Thus plants may develop bet-
ter and faster reaching the receptive
stage to low-temperature early. Ver-
nalization treatments may enhance
endogenous gibberellic acid activity
which can stimulate plant growth
when acting at early vegetative stage
(Hussein et al., 2010). Thus additional
stimulation using seed vernalization
beside seed hydration is provided for
the plants accelerating their growth to
reach the receptive stage to low-
temperature for head initiation early
(Rangarajan et al., 2000). Studies of
exogenous applications of gibberellic
acid to globe artichoke revealed that it
can substitute chilling requirement of
artichoke and consequently enhance
earliness of  head formation
(Mauromicale, et al., 2000). Further,
it 1s suggested that exposure of seeds
to low temperature may induce anti-
oxidants which may lead to greater
efficiency in chloroplast to manufac-
ture photosynthetic assimilates (Dev-
lin and Witham 1983).
Conclusion

We deduce that seeds imbibition
for 24 h then exposing them to low
temperature (4-5°C) for 15 days can
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greatly enhance head production of
artichoke in form of earliness while
elevating head yield and improving
head characteristics. Beside these pro-
duction advantages, the seed pre-
sowing chilling treatment is consid-
ered technically simple, environ-
mental-friendly and can be achieved
at no appreciable additional produc-
tion cost.
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Table 1. Influence of pre-sowing seed treatments on growth characters of arti-
choke crop in 2014- 2015 and 2015-2016 seasons, respectively

Main . No. of
Shoot diame-
Cultivars | Seed pre-treatments No. of shoot ter at bottom branches/plant
leaves/plant| height (cm) at the end of the
(cm) season
2014-2015
Imbibed 24h/chilled 15 d 69.0 ¢ 79.0 be 49c 4.0¢
EL- Imbibed 24h/chilled 10d| 66.3 be 78.7b 420 3.7d
Balady |Imbibed 24h 64.0b 77.7b 42Db 33c¢
untreated seed 63.7b 76.3 b 3.9 ab 30D
Imbibed 24h/chilled 15d|  69.3 ¢ 83.3¢ 42b 40¢
Tmbibed 24h/chilled 10d|  66.7 be 80.0 be 3.7a 33¢
Chinese -
Imbibed 24h 57.7 a 583 a 35a 30b
untreated seed 54.0a 56.3a 3.6a 2.7 a
2015-2016
Imbibed 24h/chilled 15d| 69.3 be 81.0d 55f 43¢
EL- Imbibed 24h/chilled 10 d 68.3bc 80.0 cd 45¢ 4.0d
Balady |Imbibed 24h 65.0b 78.0 be 4.5d 33c¢
untreated seed 65.0b 76.7b 4.3 cd 30b
Imbibed 24h/chilled 15d|  70.0 ¢ 82.3d 4.0 be 4.0 d
. Imbibed 24h/chilled 10d | 68.0 b 81.7d 3.9ab 33¢
Chinese -
Imbibed 24h 57.0 a 61.7a 3.6a 30b
untreated seed 54.0a 60.3 a 3.8 ab 2.7a
Source of variation d.f Mean Square
Year 1 8.33 27.00 0.653 0.086
Rep (within year) 4 0.281 60.00 0.0014 0.073
Treat 7 | 193.522 ** | 557.035 ** | 1.711 ** 1.714 **
Treat x year 7 1.239 ns 4.00 ns 0.049 ns 0.035 ns
Error 28 2.119 4.6905 0.047 0.190
Dmeans within column followed by the same letter(s) are not significantly different at 0.05 level
of probability.
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Table 2. Influence of pre-sowing seed treatments on yield characters of artichoke
crop in 2014- 2015 and 2015-2016 seasons, respectively @

. No .of days to No. of Early yield | Total yield
Cultivars | Seed pre-treatments form He);lds heads/plant (tor?/i{ed) (ton/i)';d)
2014/ 2015
Imbibed 24h/chilled 15 d 81.66 a 13.0¢ 2.145d 9.046 g
EL-Balady Imbibed 24h/chilled 10 d 92.66 b 13.0¢ 2.106 ¢ 8.891 f
Imbibed 24h 105.00 cd 11.3¢ 1.972b 7.252 ¢
untreated seed 106.33 d 10.0b 1.927 a 6.137 a
Imbibed 24h/chilled 15 d 84.00 a 12.0d 2.296 g 8.695¢
Chinese Imbibed 24h/chilled 10 d 91.66b 11.6 ¢ 2273 f 8.284 d
Imbibed 24h 103.00 ¢ 11.0c 2.209 e 7.197 ¢
untreated seed 105.00 cd 93a 2.126d 6.575b
2015/2016
Imbibed 24h/chilled 15 d 80.00 a 13.6d 2.078 d 9.150 f
EL-Balady Imbibed 24h/chilled 10 d 92.33d 13.0d 2.036 ¢ 8.860 ¢
Imbibed 24h 103.33 ¢ 11.6 ¢ 1.999b 7.309 ¢
untreated seed 104.33 ef 11.3b 1.932 a 6.295a
Imbibed 24h/chilled 15 d 83.33b 12.0 ¢ 2337 g 8.646 ¢
Chinese Imbibed 24h/chilled 10 d 90.33 ¢ 11.6 ¢ 2.292 f 8.139d
Imbibed 24h 104.00 ef 10.6 b 2.088 d 7.116 b
untreated seed 105.33 f 93a 2.133 e 6.483 a
Sou.rc(.e of d.f Mean Square
variation
Year 1 7.5216 0.75 4281x10° 0.0768
;‘:;)(W‘th‘“ 4 3.791 0.0112 | 2.725x10° |  0.0389
Treat 7 611.187 ** 10.03 ** 0.1068 ** 1.695 **
Treat x year 7 1.711 ns 0417 ns | 3.55x10” ns 0.048 ns
Error 28 2.238 0.214 6.924x107 0.114

(1) means within column followed by the same letter(s) are not signify
(2) cantly different at 0.05 level of probability.
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Table 3. Influence of pre-sowing seed treatments on head characteristics of arti-

choke crop in 2014- 2015 and 2015-2016 seasons, respectively "

. Head .
Cultivars Seed pre-treatments Head height Diameter Head weight
(cm) o) ®
2014-2015
Imbibed 24h/chilled 15 d 13.5f 58¢g 173.90 ef
EL-Balady Imb%bed 24h/chilled 10 d 13.3¢ 5.6f 171.00 ¢
Imbibed 24h 12.9d 55e¢ 156.10b
untreated seed 124 ¢ 54d 152.60 a
Imbibed 24h/chilled 15 d 12.5¢ 53¢ 181.20 g
Chinese Imbibed 24h/chilled 10 d 12.3b 52Db 17540 f
Imbibed 24h 12.1a S5.1a 165.80 d
untreated seed 12.1a S5.1a 159.70 ¢
2015-2016
Imbibed 24h/chilled 15 d 13.5¢g 5.8 h 173.52 f
Imbibed 24h/chilled 10 d 13.2 f 5.6¢g 170.4 ¢
EL-Balady 17 bibed 24h 129¢ 55f 157.36 b
untreated seed 12.5d S54c¢ 152.86 a
Imbibed 24h/chilled 15 d 124 ¢ 5.3d 181.50 g
Chinese Imbibed 24h/chilled 10 d 12.2 b 52¢ 176.53 f
Imbibed 24h 12.0a 5.0b 168.63 d
untreated seed 12.0a 49a 161.20 ¢
Source of variation d.f Mean Square
Year 1 0.0199 9.041x10™ 6.9339
Rep (within year) 4 3.787x107 6.875x107 2.1787
Treat 7 1.765 ** 0.5046 ** 596.008 **
Treat x year 7 7.857%x107ns | 6.6128x10%ns | 1.858 ns
Error 28 0.4056 1.992x107 3.710

1

of probability.
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means within column followed by the same letter(s) are not significantly different at 0.05 level
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