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ABSTRACT 
The search was conducted at El-Kanater Research Station, El-Kaluobia Governorate; during the two successive seasons of 2013- 2014 and 
2014 -2015 to produce vernalized artichoke plug transplants from vernalizing crown pieces in nurseries and compare them with both of 

vernalized and non-vernalized crown pieces and offshoots in field. The experimental design was complete randomized block design with 

three replicates. Results showed that significant increasing in carbohydrates concentration and dry matter were found in crown of non-
vernalized planting materials. The highest percentage of plant survival was obtained from planting vernalized crown pieces and plug 

transplants, respectively. A significant increasing effect were observed in vegetative growth and physical characters of early and total heads 

with vernalized planting materials except , number offshoots and quality of total heads from plug transplants which gave the lowest values. 
Inulin content in heads of early yield did not influenced, while, in total yield only vernalized growing materials produced the highest inulin 

content. Plug transplants produced the highest early yield/plant with non significant differences among vernalized crown pieces and 

offshoots. However, only vernalized crown pieces produced the highest total yield /plant. This study emphasized that it could be maximize 
the benefits of growing transplants from vernalized stumps. Nevertheless, specific further experiments are necessary on this subject to 

develop nurseries for producing plug transplants of globe artichoke. 
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INTRODUCTION 

 

Globe artichoke (Cynara scolymus L.) is a horticultural crop cultivated all over the world, but especially 

widespread in the Mediterranean basin, where its large immature inflorescences (heads) are an important 

component of the diet consumer and export. It is usually vegetatively propagated, via suckers, ovoli 

(underground dormant shoots with a limited root system), or by the division of rooted basal stem portions [1, 2]. 

Low survival rate is the main problem of artichoke propagation, [3,4] and the highest survival percentage 

was obtained by growing the offshoots directly in the field [5]. 

Transplant production is permitting more precise control of plant population particularly with crops that 

require special germination conditions [6]. 

Vernalization is the process of chilling seeds, crowns and transplants at temperatures between 4 -5 oc which 

causes plants to flower earlier and annual production of globe artichokes [7, 8]. Growing artichoke from 

plantlets obtained by cold stored cuttings is a valid alternative to micro propagation method. [9,10] reported that 

it could be very useful to develop nurseries for producing artichoke plantlets in the mountain areas and cold 

treatment of artichoke seedlings at the two expanded leaf stages may have the potential to enhance yield. 

http://www.aensiweb.com/aeb.html
mailto:dr.shadia134@gmail.com


55                                                                    Shadia, A.  Ismail, 2016 

Advances in Environmental Biology, 10(9) September 2016, Pages: 54-59 

 

Early spring-production from seed-propagated artichoke is the most suitable to obtaining good quality and 

sufficiently early yield [11] . Annual production of globe artichoke requires vernalization of the plants, either 

through cold treatment of transplants or from natural temperature conditions in the spring [12]. 

Carbohydrates stored in roots and stems are the "savings account" of many perennial forage plants. They 

are energy stores used for survival during dormancy and to start growth following dormancy. The depletion of 

soluble sugars and a fructan- containing substance during the low–temperature storage of chrysanthemum 

cuttings were observed by [13]. A significantly greater amount of all sugars in potato tubers during cold storage 

and starch is remobilized and converted to sugars was found by [14].  

Carbohydrate concentration differences were observed in strawberry crowns sections during plant 

development and reserves in transplants only partially reflect their productivity [15]. 

Recently, cold stored of plant materials of globe artichoke for one month at 5oc before planting in field 

enhanced the plant survival, yield and quality [16].Plenty number of emerged buds ranged from over 20 to 30 

per crown pieces, (depending on the crown size) were achieved from the cooled stumps. However, the problem 

here, most of these buds are dying underground after planting. 

Transplants of globe artichoke for commercial production are an urgent demand to guarantee high survival 

and yields. Therefore, the purpose of this research was to preserve that large number of plantlets in nursery 

technique and produce plug in order to increase the profitability of transplants comparison with conventional 

propagated methods.  

 

MATERIALS AND METHODS 

 

To produce nursery artichoke transplants from vernalized crown pieces, these trials were carried out in El-

Kanater Research Station at El- Kaluobia governorate during the two tested seasons of 2013-2014 and 2014-

2015. The local cultivar Heryous was used in these experiments. The planning for the experiment consisted of 

three steps as follow:-  

1- Selected offshoots (from 2.1 to 2.3 cm in diameter and has average of 4-5 leaves) and divided crown 

pieces from the stumps (mother plant) during the planting time from the old field (conventional method).  

2- Preparation of the crown pieces and offshoots from the old field of mother plant and stored for one 

month at 5oC before planting in the field. 

3- About 20 to 30 offshoots /crown pieces were produced from step number (2). 

These transplants were planted in the nursery on1 st 
 July in the two tested seasons . Growing media consist 

of substrate (1 peat moss: 1vermiculite: 1sand) and maintained in pots at shadow place for two months. At 

transplanting, plants had an average of seven leaves, with a longest leaf length of 20 cm and 2.5-2.7cm in 

diameter. 

 A complete randomized blocks design with three replicates was used to compare five planting materials as 

follow:-  

Plug transplants. 

Vernalized crown pieces. 

Vernalized offshoots. 

Non- vernalized crown pieces. 

Non -vernalized offshoots. 

Planting materials were randomly distributed in the plots and planted on the 1 st September in the first 

season and on 25 August in the second season. Each experimental plot included five rows of 5m in length, 1m in 

width and plant distance 1m also, plot area was 25 m2.Globe artichoke plants were supplied with farmyard 

manure at 40 m3 /fed. and mineral fertilizers as a traditional recommended  under clay soil conditions. 

 

Recorded data were: 

1-Vegetative growth: 
 Plant height and number of leaves were taken at the beginning of flowering stage and number of offshoot 

\plant at the end of harvesting. 

 

2-Yield and its component: 

Early yield was calculated as number of heads / plant and /fed. (as an estimated value)through the period 

from the beginning of harvest till the three times of harvest. Total yield was calculated as number of heads / 

plant and /fed. (as an estimated value) from the beginning of harvest till the mid of May. 

Random samples of five flower heads were taken from each plot to determine flower head weight (g), 

diameter (cm), receptacle weight (g), diameter (cm) and dry matter of receptacle for early and total yie ld. 
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3-Chemical analyses:  

3-1-carbohydrates content: 

Total carbohydrates in basal stem (crown) of different planting materials at planting time were determined 

calorimetrically as gram of glucose /100 g dry weight of crown according to [17]. 

3-2 -Inulin contents: 

Inulin content in four receptacles (edible part) of early and total yield was determined according to the 

methods of [18]. 

 

Statistical analysis: 

All the obtained data were subjected to the analysis of variance following the method described for 

complete randomized block design by [19]. 

 

RESULTS AND DISCUSSION 

 

1-Concentration of carbohydrates in crown: 

Results in Table (1) clearly indicate that there were significant differences between the vernalized and non 

vernalized planting materials in carbohydrates content in crown base at the planting time .Whereas, the highest 

values of carbohydrates content were found in the non- vernalized crown pieces. However, the plug transplants 

had the least in both seasons. In this connection the highest level of carbohydrates could be converted to initial 

soluble sugar content and loss of those compounds during cold storage and used for following growth of new 

offshoots after dormancy. These results are in harmony with those obtained by  [14] on potato tubers and [13] 

on chrysanthemum cuttings.   

 

2-Dry matter % in crown: 

It is clear from data in Table (1) that the highest dry matter percentage in crown was found in crown plug 

transplant and non vernalized crown pieces, followed by those in the non-vernalized off shoots. On the other 

hand, the lowest values were found in vernalized crown pieces. These results may be one of the reasons that led 

to the death of a large number of growing offshoots after planting. 

 
Table 1: Carbohydrates, dry matter content of crown and plant survival of different propagation materials during 2013-2014 and 2014–2015 

seasons. 

propagation methods Carbohydrates Dry matter % Survival  % 

2013-2014 2014-2015 2013-2014 2014-2015 2013-2014 2014-2015 

Plug transplants 7.830 e 7.007 e 54.30 a 52.90 a 86.83 b 82.53 b 

V. crown pieces 13.93d 12.97d 29.50 c       25.06 c 91.47 a 88.47 a 
V.  offshoots 30.77c 27.73 c 54.30 a 28.80 b 77.63 c 74.33c 

Non -V. crown pieces 41.73a 38.74 a 53.15a 51.35 a 65.80 d 60.33 e 

Non -V. offshoots 35.47b 32.38 b 35.66 b 30.61 b 60.77 e 64.63 d 

 

V.- Vernalized: 

Values within the column or rows followed by the same small letter /s do not significantly differ from each 

other according to Duncan ,s multiple range test at 5 % level    

 

3- Survival percentage: 

Results in Table (1) also show that the highest survival percentage of plant was recorded from using 

vernalized crown pieces. These results could be due to the high number of growing buds on the crown pieces 

and more rhizome adventitious root primordial as a result of vernalization as mentioned by  [9].These results are 

in harmony with those obtained by [4,16]. Moreover, plug transplants had significantly higher survival 

percentages than those shown by the non-vernalized materials because they kept more root hairs that quickly 

absorb water and nutrients. These obtained results confirmed that an improvement of artichoke active root 

system allow transplants more uniform and faster growth after transplanting as reported by [20] on strawberry. 

However, the lowest values of survival % were obtained from each of non-vernalized crown pieces and 

offshoots in the two tested seasons. These results disagree with those obtained by [5] who found that the highest 

survival percentage was obtained by growing the offshoots directly in the field intercropping them with squash 

that may be significantly influenced the decline of the temperature around them .  

 

4-Vegetative growth:  

Data tabulated in Table (2) clearly indicate that the highest plant height and number of leaves were obtained 

from using vernalized each of crown pieces, offshoots and plug transplants. These results are in agreement with 

[4, 16] on globe artichoke. On the other hand, the least values of plant height and number of leaves were 

produced as a result of planting non vernalized planting materials.  
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As for the number of offshoots produced at the end of seasons, vernalized crown pieces produced the 

highest number of them compared to the other planting materials. Similar results were obtained by [4,21].  

Obtained results confirm that vernalized planting materials of artichoke caused an increasing in offshoots 

numbers / plant, however, the lack number offshoots /plug transplant may be due to the small -size of crown.  

 
Table 2: Effect of different propagation materials on some characters of vegetative growth during 2013-2014 and 2014 -2015 seasons. 

propagation methods Plant height(cm)         No. of leaves/plant No. of offshoots/plant 

2013-2014 2014-2015 2013-2014 2014-2015 2013-2014 2014-2015 

Plug transplants 78.33 b       71.00 b       32.67 bc      29.00 bc      2.467 c     2.267 c     
V. crown pieces 92.00 a        85.00 a        42.33 a        38.33 a        7.167  a       6.200  a       

V.  offshoots 90.00 a        82.67 a        35.00 b       30.33 b       3.833  b      3.667 b      

Non- V. crown pieces 70.00 c      66.67 c      31.00 cd     28.00 cd     2.833 bc     2.333 c   
Non -V. offshoots    58.67 d   58.00 d     28.67 d     26.00 d     3.167 bc     2.400 c  

Values within the column or rows followed by the same small letter /s do not significantly differ from each other according to Duncan ,s 

multiple range test at 5 % level. 
 

4- Physical quality of early yield: 

Results in Table (3) illustrate that the highest early head weight was obtained from planting vernalized 

crown pieces in both seasons, with no significant differences between it and vernalized offshoots in the second 

season. The lowest value of this trait was recorded with non -vernalized offshoots only in the first season. In 

addition, there were no significant differences, in the value of early head weight, among plug transplants, and all 

planting materials except vernalized crown pieces.  

 
Table 3: Effect of different propagation materials on head quality of early yield during 2013-2014 and 2014 -2015 seasons. 

propagation methods Average head weight 
(g) 

Average head 
Diameter(cm) 

Average 
receptacle 

weight(g) 

Average 
receptacle         diameter 

(cm) 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

Plug transplants 359.9 bc     286.6 b     7.400 b      7.133 b      50.47 b     42.73 b     5.700 b      5.600 b     

V. crown pieces 380.4 a       336.0 a      8.167a       7.533 a       55.37a       49.07 a      6.367 a 6.200 a      

V.  offshoots 363.3 b      292.3 ab     8.133 a       7.433 a       51.77 b      49.57a      5.567 bc     6.300 a      
Non- V. crown pieces 363.9 b      276.0  b     6.700 c     6.633 c     46.00 c     43.23 b     5.367 c     5.500 b     

Non- V. offshoots  355.7 c     

 

273.9  b     7.133bc     6.833 c     47.40 c     42.70 b      5.600 bc     5.533 b     

Values within the column or rows followed by the same small letter /s do not significantly differ from each other according to Duncan ,s 
multiple range test at 5 % level 

 

As for head diameter, Table (3) show that all vernalized planting materials recorded the highest values of 

head diameter. As respect with the receptacle weight and diameter, the superior values were achieved by using 

vernalized crown pieces in both seasons. These results are in agreement with obtained by [16]. 

 

5- Physical quality of total yield: 

Data in Table (4) clearly indicate that the highest values for head weight of total yield produced from using 

vernalized offshoots.While, the plug transplants produced the lowest average of head weight in the both seasons. 

Similar data for seed-propagated artichoke were previously reported by [8]. 

 
Table 4: Effect of different propagation materials on head quality of total yield during 2013-2014 and 2014 -2015 seasons.  

propagation methods Average head weight 

(g) 

Average head 

Diameter(cm) 

Average 

receptacle 
weight(g) 

Average 

receptacle diameter 
(cm) 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

Plug transplants 194.3 d     190.2  d     6.70  b     6.467 c     36.90 d     34.77 c     5.40 b 5.03 c 
V. crown pieces 236.0 b       227.5 a        7.67 a      7.367 a       48.77 b       45.43 a       6.40 a 6.10 a 

V.  offshoots 244.0 a        230.5a        6.80 b     6.567 bc     53.77a        47.70 a       5.40 b 6.30 a 

Non- V. crown pieces 217.0 c      202.8  c       6.63 b     6.700 b      43.33 c      41.47 b      5.30 b 5.53 b 

Non- V. offshoots 219.3 c      212.5 b        6.93 b     6.433 c     41.43 c      40.27 b      5.47 b 5.47 bc 

Values within the column or rows followed by the same small letter /s do not significantly differ from each other according to Duncan ,s 

multiple range test at 5 % level. 

 

Also, results in the same table show that using vernalized crown pieces produced the highest averages of 

head diameter followed by the rest of other planting materials, in the first season only. However, in the second 

season, each of plug transplants and non vernalized offshoots produced the lowest head diameter average.  

It is evident from data in Table (4) that the highest receptacle weight was recorded by using vernalized 

offshoots in both seasons. However, the plug transplants produced the least value of receptacle weight in both 



58                                                                    Shadia, A.  Ismail, 2016 

Advances in Environmental Biology, 10(9) September 2016, Pages: 54-59 

 

seasons. These results in contrast with those obtained by [22], they found that transplant type and transplant age 

did not influence yield or artichoke head weight. 

Also, data show that the highest head diameter was produced by using vernalized crown pieces in both 

seasons. Whereas, the plug transplants produced the least value of receptacle diameter no more than in the 

second season. The previous results in respect to vernalized or non -vernalized planting materials are in 

harmony with those obtained by [4, 16].They mentioned that vernalized of crown pieces produced high quality 

of globe artichoke flower heads.   

 

Dry matter of receptacle (edible part) % : 

Results presented in Table (5) revealed that the highest dry matter percentages of early yield was obtained 

from vernalized crown pieces and cold offshoots with no significant differences between them and plug 

transplant in both  seasons. These results are in agreement with those of [16]. 

 Illustrated data in Table (5) clearly indicate that vernalized each of offshoots and crown pieces resulted in 

the highest dry matter percentage of total yield and there were no significant differences among the rest of 

planting materials in the first season While , in the second season the lowest values were obtained from the plug 

transplants and non vernalized materials. 

 

Inulin content of receptacle (edible part): 

Data in Table (5) that vernalized crown pieces reflected the highest values of inulin content in early yield 

with no significant difference between it and plug transplant , vernalized offshoots and non vernalized crown 

pieces in the first season. In addition, in the second season all the planting materials produced the highest inulin 

content and the non vernalized offshoots had the least value in the two seasons. 

 
Table 5: Effect of different propagation materials on dry matter %and inulin Content mg\100g dry weight of early and total yield during 

2013-2014 and 2014-2015 seasons. 

propagation methods Dry matter in early yield 

% 

Dry matter in total 

yield% 

Inulin content in early 

yield mg\100g 

Inulin content in total 

yield mg\100g 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

Plug transplants 27.90 ab     25.95 abc     23.93 b     21.88 c     3.240ab 3.150 a      2.600 b      2.468  c      

V. crown pieces 29.59 a      27.19 ab      25.29 a      23.11 ab      3.640 a      3.350 a      3.037 a       3.063 a        

V.  offshoots 29.63 a      27.58 a       25.85 a      23.86 a       3.420ab     3.190  a 3.010 a       2.847 b       
Non V. crown pieces 26.21 b     25.53 bc     23.06 b     22.27 bc     3.100ab     3.137a      2.672 b      1.892  d   

Non V. offshoots 26.70 b     25.06 c     22.96 b     22.08 c     2.980 b     2.777 b     1.982 c     2.414  c      

Values within the column or rows followed by the same small letter /s do not significantly differ from each other according to Duncan ,s  

multiple range test at 5 % level. 

   

The highest inulin content in total yield was obtained with planting vernalized crown pieces in both seasons 

Table (5). However; the least values were produced from the non vernalized offshoots. These results are in 

agreement with those obtained by [21].                

  

Early and total yield/plant and /fed:  

Results in Table (6) indicate that using vernalized crown pieces as planting material resulted in the highest 

early yield expressed as number of heads \ plant and / fed. followed by each of vernalized offshoots and plug 

transplant in tested seasons. While, the lowest early yield was obtained by growing non -vernalized offshoot. 

These results are harmony with those obtained by [7,10,12 ] on globe artichoke. They reported that vernalization 

treatments of planting materials caused an increase in both early and total yield of globe artichoke heads. 

It is evident from data in Table (6) that the highest total yield expressed as number of heads \ plant and / 

fed.was obtained from growing vernalized crown pieces in the two seasons. These results could be due to high 

number of offshoots growing on crown pieces during the vernalization process. Similar results were recorded by 

[21,16 ]. 

On other hand, using plug transplants and non -vernalized offshoot produced the lowest total yield. Such 

decrease head production may be depending on a small part of the total biomass production by the small plants [ 

23,11 ]. 

  
Table 6: Effect of different propagation materials on early and total yield\plant and\Fed. during 2013-2014 and 2014 –2015seasons .  

    
propagation methods 

Early yield\plant Early yield\ Fed. Total yield\plant Total yield\ Fed. 

2013 
2014 

2014 
2015 

2013 
2014 

2014 
2015 

2013 
2014 

2014 
2015 

2013 
2014 

2014 
2015 

Plug transplants 2.450 b      2.580 b       10790 b 10320 b 9.333 c     8.667 c     37330 c 34670 c 

V. crown pieces 3.190 a       2.750  a        12760 a 11000 a 16.00 a       14.67 a       64000 a 58680 a 
V.  offshoots 2.697 b 2.596 b       9880 b 10388 b 11.67 b      11.00 b      46680 b 44000 b 

Non V. crown pieces 2.437 b      2.513  c      9750 b 10052 c 11.33 b      10.00 bc     49320 b 40000 bc 

Non V. offshoots 1.720 c     2.033  d     6880 c 8132 d 12.33 b      8.867 c 45320 b 35470 c 
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 Values within the column or rows followed by the same small letter /s do not significantly differ from each other according to Duncan, s 

multiple range test at 5 % level 

 

Conclusion: 

From the previous results, it is recommended that globe artichoke transplants could be produced from 

vernalized old stumps in nurseries and more studies are needed to develop their total yield. 
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