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ABSTRACT 

 
This study was carried out during 2002 and 2003 years  in sandy soils at 

three different major strawberry production areas i.e. Ismailia (East Delta), Qaluobia 
(Middle Delta) and Nobaria (West Delta) to compare runner formation and fresh 
transplant production under four different nursery planting dates i.e. April 1st, 15th 
,May 1st and 15th. Camarosa cultivar was used. Data were recorded on number of 
main runners, number of fresh transplants dug in September, crown diameter, 
number of roots, root length, and carbohydrates content in the crowns of transplant. 
Results indicate that, there were significant increases in number of main runners, 
number of fresh transplants, number of roots, root length and total carbohydrates in 
crowns in Ismailia (East Delta) location as compared with other tested locations. On 
the other hand, Nobaria location showed the lowest values for the above mentioned 
studied characters. As for nursery planting date, planting nursery mother plants on 
April 1st or 15th resulted in significant increments in number of runners and marketable 
fresh transplants as well as number and length of roots and total carbohydrates in 
crown. On the other side, plants planted in mid May gave the highest values of crown 
diameter.The study conclude that early establishment of strawberry nursery (first or 
mid April) is preferable to increase number and quality of fresh transplants. Moreover, 
Ismailia area (East Delta) was the best for transplant production as compared with the 
other tested locations.  

 

INTRODUCTION 

 
Due to the expansion of strawberry nursery cultivation, transplant 

production has become an important industry in Egypt. Increasing the 
production of high quality transplants per feddan (4200 m2) is very desirable 
by cold-stored (Frigo) strawberry growers. Transplant quality can have a 
major effect on the productivity of strawberry. Bare-root transplants are 
produced in open nurseries where daughter plants remain attached to the 
mother plant and allow to root into the soil. According to latimer (1998), the 
goal of transplants production is to produce plants that 1) adapt rapidly to 
field environment, 2) establish and resume active growth soon after 
transplanting and 3) produce acceptable early and total yield. Several factors 
may all be contributing factors to the transplant success in the fruiting fields, 
i.e., transplant size (Chandler et al. 1989, Kirschbaum  et al. 1998; Latimar 
1998; NeSmith and Duval, 1998; Ragab et al. 2000), transplant age (Vavrina, 
1998; Ragab et al. 2002), transplant root structure (Nicola, 1998) and 
carbohydrate content, (Schupp and Hennion. 1997 and Palha et al., 2002).  

Turemis et al. (1997) mentioned that there was a negative correlation 
between quality and number of runner plants per unit area. Therefore, the 



Emam, R. M. and O. E. Abo El-ezz 

 864 

study aimed to investigate the runner formation and transplant production in 
the major strawberry growing areas in Egypt as affected by different nursery 
planting dates. 
 

MATERIAL AND METHODS 
 

This study was carried out during 2001/2002 and 2002/2003 
seasons at three major strawberry growing areas, i.e, Ismailia (East Delta), 
Qalubia (Middle Delta) and Nobaria (West Delta) under four different nursery 
planting dates,i.e, April 1st  ,15th, May 1st and 15th.  Camarosa cultivar was 
used. The sandy soil of the nurseries was fumigated with methyl bromide 15 
days before planting.  

The Super Elite transplants were dipped in 0.1% Benlate solution for 
20 minutes then planted at 1.5m x 1.5m in plots of 25 m2. Split plot design 
with four replicates was used. 

Flowers were continuously removed until plants stopped flowering 
(after one month) and started runnering. All agricultural partices for 
strawberry nurseries, i.e., irrigation, fertilization and pest control were carried 
out as recommended. After two months from planting date, number of main 
runners/ plant was recorded In mid September, data were recorded on the 
following: -       
1- Soil analysis: 

Particle size distribution of the studied soils, the ionic content of soil 
paste extracts and the cation exchange capacity, organic carbon, and CaCO3 
% were determined according to the standard methods mentioned Jackson 
(1967). Results are shown in Table (A). 
 
Table (A): Physical and chemical analysis of the used soils. 

Component 

El-Kaluobia El-Behiara Ismalia 

Depth Depth Depth 

0-30 30-60 0-30 30-60 0-30 30-60 

Sand (%) 26 26 77 0 80.0 97.7 

Silt (%) 28 24 11 11 1.2 1.8 

Clay (%) 46 50 12 9 .5 0.5 

Soil texture Clay Clay Sandy Sandy Sandy Sandy 

PH 7.51 7.80 7.80 8.13 7.4 7.3 

EC (m mhos/cm) 1.60 0.94 1.06 0.61 6.8 1.31 

Anions (me.q/liter) 

CO3 0 0 0 0 0 0 

HCO3 4.80 3.00 5.40 3.60 3.9 3.2 

Cl 11.00 11.50 10.00 11.50 17.9 17.1 

SO4 0.20 0.90 0.60 0.90 35.4 34.5 

Cations (me.q/liter) 

Na+ 7.53 4.91 7.19 2.97 10.9 10.5 

K+ 0.27 0.07 0.17 0.94 3.2 3.0 

Ca++ 5.20 3.31 1.86 1.96 2.51 2.45 

Mg++ 3.00 1.18 1.3 0.17 14.9 15.1 
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Table (B): Average temperature and relative humidity during 2002 and 
2003 seasons under El-Behiara, Ismalia and Kaluobia 
conditions. 
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Jan. 20.50 9.10 51.0 21.50 9.80 51.0 16.00 6.60 

Feb. 18.90 8.00 51.5 19.00 8.00 51.0 22.30 9.80 

Mar. 19.90 9.40 52.0 10.10 9.30 52.0 16.20 11.80 

Apr. 24.90 13.70 49.5 25.80 13.20 49.5 18.50 8.60 

May 28.10 15.10 48.5 27.10 15.00 48.0 25.50 16.50 

Jun. 30.20 19.00 48.5 31.10 19.20 48.5 28.75 19.80 

Jul. 34.50 23.10 60.0 32.80 23.30 60.0 35.50 23.40 

Aug. 33.60 23.40 56.0 33.40 22.70 56.0 29.50 22.80 

Sep. 33.10 21.20 54.0 32.30 20.30 54.0 29.30 21.70 

Oct. 29.30 18.20 54.0 31.70 18.10 53.5 22.00 18.10 

Nov. 26.20 12.20 53.5 25.30 11.90 53.0 18.00 12.70 

Dec. 21.20 10.60 53.0 20.70 10.20 52.0 16.00 9.60 

Meterorological Authority Cairo 

 
2- Number of fresh transplants/plant:- 

All harvested transplants from the inner two rows were counted and 
number of transplants/mother plant was calculated . 
3- Crown diameter: 

It was measured in cm by verniar caliber in twenty random 
transplants in each replicate. 

4- Carbohydrates content:- 
Total carbohydrates content in crowns of fresh transplants was 

determined according the method described by Shaffer and Hartmann 
(1921). 
 
Statistical analysis: 
 The recorded data were statically analyzed according to Duncan,s 
multiple range test (Duncan, 1955). 
 

RESULTS AND DISCUSSION 
 

1- Number of runners and fresh marketable transplants  
Results in Tables (1 & 2) show that Ismailia location showed 

significant increments in number of main runners as well as number of fresh 
marketable transplants. On the other hand, Nobaria location showed the 
lowest values. As for the effect of nursery planting dates, results show that 
the highest values were recorded from plants planted in mid April or first of 
May. Concerning the effect of interaction, results  show that Ismailia location 
planted in mid April or first of May showed the highest number of runners 
while those planted  early April 1st at Qaluobia and Nobaria showed  the 
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lowest values. As for fresh transplants production, Ismailia gave the highest 
number of fresh marketable transplants On the other side , those planted at 
Nobaria in the last planting date showed the lowest values .  

Regarding the effect of planting on number of fresh transplants, 
results showed that the highest values were detected to plants planted April 
15 and first of May . Results of interaction show that the highest values were 
recorded to plants of Ismailia planted on April 15th May 1st or May 15th . The 
results are similar to those of Turemis et al. (1997), also results confirm those 
of Vavrina, (1998) and Ragab et al. (2002). 
 
Table (1): Effect of location and nursery planting date on number of 

main runners after two months. 

Locations 

Nursery planting dates 

1st April 15 st April 1st May 15 th May Mean 

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 

Ismailia 7.3c 6.9c 9.6a 9.2a 9.2ab 9.1a 8.9ab 8.8b 8.8A 8.5A 

Kaluobia 5.9d 5.8d 7.3c 7.5c 7.5c 7.9c 5.9d 6.2d 6.7B 6.9B 

Nobaria 5.1d 5.4d 4.4e 4.9e 4.2e 4.4e 4.1e 4.1e 4.4C 4.7C 

Mean 6.1B 6.0B 7.1A 7.2A 6.9A 7.1A 6.2B 6.4B     
Values followed by the same capital letter (s) do not significantly differ from each  
other according to Duncan's multiple range test at 5% level. Small letters for interact 

 
Table (2): Effect of location and nursery planting date on number of fresh               

marketable transplants/plant. 

Locations 

Nursery planting dates 

1st April 15 st April 1st May 15 th May Mean 

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 

Ismailia 46.9bc 48.2bc 51.9b 56.2b 63.8a 66.6a 60.4a 62.0a 55.8A 58.3A 

Kaluobia 43.2c 44.1c 45.2c 46.9bc 44.7c 45.0c 40.3d 38.5d 43.4B 43.6B 

Nobaria 40.2d 42.0cd 44.6c 45.2c 39.8d 40.6d 33.6e 35.1e 39.6C 40.7B 

Mean 43.4B 44.8B 47.2A 49.4A 49.4A 50.7A 44.8B 45.2B     
Values followed by the same capital letter (s) do not significantly differ from each  
other according to Duncan's multiple range test at 5% level. Small letters for interact  
 

2- Crown diameter:- 
Crown diameter increased as delaying nursery planting date 

Table(3) whereas, plants established in April 1st produced transplants with 
the highest crown diameter.  
 

Table (3): Effect of location and nursery planting date on crown 
diameter of  transplants (cm.) 

Locations 

Nursery planting dates 

1st April 15 st April 1st May 15 th May Mean 

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 

Ismailia 1.53a 1.36b 1.25c 1.13cd 0.98d 0.97d 0.83d 0.86d 1.15C 1.08B 

Kaluobia 1.47ab 1.63a 1.34b 1.30b 1.21c 1.13cd 1.12cd 1.29b 1.29B 1.34A 

Nobaria 1.57a 1.61a 1.43ab 1.31b 1.44ab 1.26c 1.25c 1.10cd 1.42A 1.32A 

Mean 1.52A 1.52A 1.34B 1.25B 1.21BC 1.12C 1.07C 1.08C   
Values followed by the same capital letter (s) do not significantly differ from each  
other according to Duncan's multiple range test at 5% level. Small letters for interact 
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On the other hand, the smallest transplants were obtained from 
those planted in the latest planting date, i.e 15th May. Such results are 
similar to the findings of Chandler et al. (1989). 
 
3- Carbohydrates content in  crown ( g/ 100 g ) :- 

Results in Table (4) show that carbohydrates content of crowns 
increased significantly in Ismailia location as compared with Qaluobia as well 
as Nobaria . Nursery planting date affected  significantly crown carbohydrate 
, content of transplants whereas, delaying nursery planting date increased 
carbohydrates content in the crowns . On the other hand , it decreased in 
early plantings . as for the interaction between location and planting date, the 
highest values were detected from plants of Ismailia location when planted 
on July 15. These results agree with those of Schupp and Hennion (1997) 
and Palha et al. (2002).  
 
Table (4):  Effect of location and nursery planting date on 

carbohydrates content in crown (g./100g). 

Locations 

Nursery planting dates 

1st April 15 st April 1st May 15 th May Mean 

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 

Ismailia 3.36d 3.49d 4.21c 4.56b 4.93b 5.26a 5.39a 5.83a 4.47A 4.79A 

Kaluobia 3.10e 3.76d 3.69d 3.45d 3.92c 4.01c 4.63b 4.66b 3.84B 3.97B 

Nobaria 3.69d 3.28e 3.81d 3.77d 4.21c 4.08c 4.86b 4.92b 4.14B 4.01B 

Mean 3.38D 3.51D 3.90C 3.93C 4.35B 4.45B 4.96A 5.14A   
Values followed by the same capital letter (s) do not significantly differ from each 
other according to Duncan's multiple range test at 5% level. Small letters for interact 

 
4- Number of roots / transplants :-       

It is clear from data presented in Table (5) that Ismailia plants 
produced significantly higher number of roots compared with of Qalubia as 
well as Nobaria with out significant difference between them. Results show 
also that number of roots increased in early planting date while it decreased 
in late planting Results of interaction show that early planting of Ismailia 
location showed the highest number of transplant roots . On the other hand, 
late plantings of Qaluobia and Ismailia showed the lowest values.  
 

Table (5): Effect of location and nursery planting date on number of 
roots/transplant. 

Locations 

Nursery planting dates 

1st April 15 st April 1st May 15 th May Mean 

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 

Ismailia 33.16a 33.19a 28.61b 26.14b 22.92c 25.19b 18.70d 16.50e 25.85A 25.26A 

Kaluobia 26.91b 22.14c 18.16d 20.40c 15.19e 17.21d 11.40f 10.90f 17.92B 17.66B 

Nobaria 25.21b 23.16c 19.70d 16.8e 19.01d 14.60e 10.20f 9.96f 18.53B 16.13B 

Mean 28.43A 26.16A 22.16B 2112B 19.04C 19.00C 13.43D 12.45D   

Values followed by the same capital letter (s) do not significantly differ from each  

other according to Duncan's multiple range test at 5% level. Small letters for interact  
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5- Root length ( cm ) :-  
Data in Table (6) show that the highest values of root length was 

found in Ismaailia transplants. On the other hand, the lowest values were 
detected to those of Nobaria location. Qaluobia plants showed midium 
values. As for the effect of planting date, there was significant decremts in 
root length with delaying nursery planting date whereas, earlyplanting date 
showed the highest values of root length while the latest date gave the 
lowest values. These increments in number of transplants, number of roots, 
root length and crown carbohydrates content in transplants produced in 
Ismalia location could be due to the suitable microclimet conditions which 
affected positively transplant growth. Our results are in agreement with those 
of Nicola (1998). 
 

Table (6): Effect of location and nursery planting date on root length 
(cm). 

Locations 

Nursery planting dates 

1st April 15 st April 1st May 15 th May Mean 

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 

Ismailia 19.6a 15.9ab 17.2ab 15.1b 13.4c 11.2c 10.8cd 12.5c 15.3A 13.7A 

Kaluobia 13.8c 10.7cd 16.2ab 9.4cd 11.2c 12.3c 9.6cd 8.7d 12.8B 10.3B 

Nobaria 11.30c 9.2cd 9.8cd 10.1cd 8.6d 8.4d 8.2d 6.4e 9.5C 8.5C 

Mean 14.9A 11.9B 14.4A 11.5B 11.1B 10.6B 9.5C 9.2C   

Values followed by the same capital letter (s) do not significantly differ from each 
other according to Duncan's multiple range test at 5% level. Small letters for interact 
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دراسة مقارنة على  نناىاا اتلاىاال اتجا فىة نىط منىاجة  راعىة اتارائتىة اتر  سى ة 
 نط مصر

 محمد نمام رفب* ئأبئ اتع  ع س  عمران**
 اتقاهرة -فامعة ع ن لامس  -كل ة ات راعة  -مرك  انم ة اتارائتة *   

 اتف  ة -ساا ن معهد بحئث اتب -لاعبة بحئث اتخضر -** قسم اتاكاثر اتخضري ئاتبجاجس
 

فتتت بر تتع ر فيتتع فتتت اسط طتتع   تت     2002و 2002أجريتته هتتلد اسةرالاتتع متت    تت    
اسرئيلاتتيع ت بتت ف اسلراوستتع فتتت  لإتتر وهتت  اتلاتت   يفيع و اتتري استتةسب   و استفيو يتتع و ولاتت  استتةسب    

لإتت    واس و  ريتتع و بتترد استتةسب    س ت ر تتع بدتتوي  اس تتةاةاه و  بتت ف اساتتب ه فتتت  اتت ب  اسلراوستتع
 1أ ريت     11أ ريت     1د  روزا فت بفك اس      ف  أر عع  وا ية زرا ع  مبفلتع سف اتب  وهت  

ولاجفه استراءاه  ف   ةة اس ةاةاه اسرئيلاتيع و تةة اساتب ه اس  زجتع اسبتت بتفت   0  يو 11  يو  
 فت لا ب  ر وق ر اساب ه و ةة و و  اسجلور و حبوى اسبيج      اسدر وهيةراه. 

اس ب ئج أ  ه  ك زي ةة  ع ويع ف   ةة اس ةاةاه اسرئيلاتيع و تةة اساتب ه اس  زجتع بوضح 
و تتةة و تتو  اسجتتلور و اسدر وهيتتةراه اسدفيتتع فتت  اساتتب ه اس  بجتتع  تت     تتتع اتلاتت   يفيع   تتة 
 ت ر بهتت    طيفبهتت  فتتت اس  تت    ا متترى و تت    حيتتع أمتترى د  تته اس و  ريتتع هتتت ا قتت  فتتت اسلإتتل ه 

  س لا ع س وا ية زرا ع اس اب  فإ  اسزرا ع اس  درة فتت أو  أو   بلإت  أ ريت  أةه  اس ةرولاع  أ  
 س  زي ةة  ةة اس ةاةاه و ةة اساب ه اس  زجع است  فع سفبلاوي  ودلا  تةة و تو  اسجتلور و حبتوى 

  0اسبيج      اسدر وهيةراه أ   اس   ب ه اسبت زر ه فت   يو فتة أ  ه اب ه أدطر لا د   
رالاع ا ه  لض  زرا ع  ا ب  اسلراوسع ت ب ف اساب ه اس  زجع   درا  فت أو  وبج   اسة

أو   بلإ    ري  سزي رة  ةة وجوةة اساب ه وا ه بلض     تع اتلا   يفيع ت ا ء  ا ب  اسلراوسع 
 ت ر ع     تبت برد وولا  اسةسب  وقة يرج  لستك س  ت ا اتلات   يفيع اس   لاتد استلي قتة يرجت   ست  

سر و ع اسجويع   تلا   يفيع    استفيو يع واس و  ريع م   اهري يو يو ويوسيو حيت  متروف زي ةة ا
 اس ةاةاه فيه  .  


