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ABSTRACT:

his study was conducted at El-Kanater EI-Khiria Horticulture Research Station, Qaluobia

Governorate in the two successive seasons of 2010/2011and 2011/2012The experiment

was carried out to develop a syste m for producing of good quality strawberry plug
transplants in Egypt in addition to its subsequent effect on productivity and quality of Festival
strawberry cultivar. Three cell sizes (150, 50 and 25, 5 ml) and three concentrations of indol
butirc acid (IBA) (0, 250 and 500 ppm) were used. After one month, plug transplants were
taken and then planted for fruit production to study the effect of such treatments on earliness of
flowering, yield and quality. The results indicate that the highest numbers of roots, root length
and crown diameter were detected to cells with 150 ml in the two tested seasons. Root length
increased using 500 or 250 ppm IBA. The highest early and total yields were recorded when
using of the largest size of cells, i.e. 150 ml. Significant increments in the earliness of flowering
when transplants were treated with IBA at all concentrations compared with the traditional bare
root ones (control) during the two tested seasons.
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INTRODUCTION:

The availability of high quality plants is one of the most important factors in obtaining good
yield. Most of the strawberry production areas in Egypt are planted with bare-root transplants
which are relatively inexpensive and provide high yield but they need high water quantities for
transplant establishment. However, also they are often not uniform in size, and are difficult to be
established under high temperatures in fall months (Bish et al., 1997).Strawberry yield is
affected by vigor and disease free transplant (Cocco et a., 2010). To ensure production of
pathogen and nematod free transplants, the soil of the nurseries shoud be fumigated prior to
planting with methyle bromide (MB). An alternative method for the production of clean
strawberry transplants is that known as plug plant (Fumiomi Taked et al., 2004). Daniel et al.
(2010) concluded that strawberry plug planting system is excellent method for establishing
plants and provide appropriate levels of vegetative vigor for successful harvests.

As for cell size effect, Fumiomi and Hokanson (2000) conducted an experiment on two cell
sizes viz., 0.8 L and 1 L,they reported that greater fruits were obtained with 1L in December and
January and flowered two weeks earlier. Also, Eric et al. ( 2002) reported that plants propagated
in the 150 cm® and 300 cm? containers gave the highest early yield while no significant
differences were detected between the three sizes (75, 150 and 300cm? ) with respect to total
yield . Kirk et al. (2002) found that there was significant effect for cell size on early yield. In
addition, large plugs had greater total yield than smaller plugs. Gustavo et al. (2009) found that
early fruit yield did not differ among plug transplant treatments (cell size) with an average of 460
g per plant and was higher than in bare root transplants.

As respect to the effect of Indol butric acid (IBA), Santelices (2007) stated that the root
length is directly proportional to the concentration of IBA. The increased root length with
application of IBA could be explained by the ability of auxin to decrease the rigidity of the cell
wall by acidifying the same, which causes the production of proteins that are also involved in
cell wall acidification causing cell growth to increase its volume (Taiz and Zeiger, 2010).

Plug transplants are characterized by quickly establishment have a survival rate of almost
100%, reduced risks of soil borne diseases, reduced pesticide cost. Information on plug
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propagation system under Egyptian condition are stile limited and its effect on productivity and
fruit quality are, also, lacking.

Therefore, the objectives of this work were to study the effect of Indol butric acid and cell
size on strawberry plug transplants quality in Egypt, besides the evaluation of their effect on
subsequent productivity and fruit quality.

MATERIALS AND METHODS

This study was carried out to study the effect of the cell size and concentration of IBA on
quality of transplants to produce strong vegetative growth and rooting system and to determine
growth, development and fruit yield of festival strawberry plants from plug transplants compared
to bare root transplants as control. The study was conducted in two experiments (rooting stage-
evaluation in fruit production field) as follows:-

1- FIRST EXPERIMENT:-

This experiment was conducted in a private farm at Ismailia Governorate to study the effect of
the cell size and concentration of IBA on quality of transplants to produce strong vegetative
growth and rooting system for plugs. Daughter plants were removed from soilless runners at 15th
August and treatments consisted of plug daughter plants produced in trays with cell volumes of
25.5, 50 and 150 cm®. They were planted in cell trays filled with peat moss, vermiculite and
perlite medium in vegetable transplant production. As for Indol butric acid (IBA), transplants
were soaked in solution of Indol butric acid (IBA) for 20 min. before transplanting. Butric acid
solution was dissolved in 0, 2.5 and 5.0 g of buric acid in one litter of distillated water which
represent 0, 250 and 500 ppm.The trays were placed under micro- sprinklers (mist) irrigation
under shad house. After four weeks, transplants were randomly selected from each replicate were
also used from plug transplants and bare root transplants (from open nursery).

Data were recorded on random samples of ten transplants from each experimental plot in
mid-September (transplant harvest date) to determine the number of leaves,roots, roots length
and crown diameter of transplants. The experimental design was complete randomized design
with four replicates

2-SECOND EXPERIMENT:-

This experiment was conducted at El-Kanater El-Khiria Horticultural Research Station,
Qaluobia Governorate to study the performance of transplant produced from three cell sizes and
Indol butric acid consternation in addition to bare root transplants obtained from open field
nursery produced from the first experiment as earliness of flowering, quality of fruits and yield.
Planting dates were September 15" and 17" in the first and second seasons, respectively. The
soil was clay with Ec.665 and pH 98. A complete randomized block design with four replicates
was adopted. Four rows bed system was used. Each replicate consisted of two beds with 80
plants, 120 cm width, and 50 cm height; at plant distances of 25 cm between plants and 30 cm
between the four rows. The drip irrigation was taken place and after one month beds were
mulched with 40 micron of double face black silver mulch.

The agricultural practices concerning cultivation, fertilization, irrigation and pest- and
disease- control were conducted as commonly followed as the recommendation of ministry of
agriculture for the commercial production of strawberry.
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The data were recorded as follows:

Representative samples of plug transplants and bare root were taken to record the vegetative
growth characteristics i.e. number of leaves\plant, plant length, crown diameter, number of roots
and root length of transplants were determined as the method described by A.O.A.C (1990).
Earliness of flowering as number of the days from planting to beginning of flowering were
recorded. Early yield as weight of all harvested fruits from each plot during the first five harvests
(January and February) and average early yield per plant was calculated.Total yield as the
weights of all harvested fruits all over the season from each plot to calculate the average total
yield per plant. Also average fruit weigh and fruit firmness determined by using a Shatillon
Penetrometer (Qurecky and Bourne, 1968). Total soluble solids content (TSS) using the hand
refractmeter were determined. Moreover, titratable acidity (TA), pH and Ascorbic acid content
were determined as the method mentioned in A.O.A.C. (1990).

Statistical analysis
All data were subjected to analysis of variance with SAS statistical package (SAS, 1998).
Means were separated using Duncan’s multiple range tests (Waller and Duncan, 1969).

RESULTS AND DISCUSSION
A- FIRST EXPERIMENT:-
1. Effect of cell -tray size on number of transplant leaves

Data in Table (1) showed that daughter plants obtained from the soilless nursery technique in
all cell transplants trays grew vigorously and gave higher number of leaves per transplant,
without significant difference among them, compared with the traditional bare root transplant
obtained from the open field (control), during the two studied seasons.These results agree with
those reported by Hochmuth et al., (2006a),who reported that plug plants had greater leaf
number.

Table (1): Effect of cell -tray size on strawberry transplant characters in 2010 and 2011
seasons.

Cell Number of leaves | Number of roots Root length(cm) Crown diameter (cm)
tray size | 2010 2011 2010 2011 2010 2011 2010 2011
150 ml 522 a |[5.72 a 2338 a |2387 a |(1283 a 1200 a |084 a |0.82 a
50 ml 516 a |[5.33 a 2338 a |2388a |1261 a |967 b |080a |08l a

25.5ml 466 a |5.16 a 2266 a |23.06 a |1256 a [961 b |067 b |068 b

Control |3.66 b |4.16 b 2324 a 2392 a |1255a [11.20 a |0.78 a [0.79 a

Values in the same column followed by the same letter(s) do not significantly differ from each
other according to Duncan's multiple range tests at 5% level. Control= Bare root
traditional production method
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2. Effect of cell -tray size on number of roots transplant

Data presented in Table (1), clearly, indicated that there were no significant differences in
number of transplant roots among all tested cell-tray sizes and bare root transplants obtained
from the open nursery (control) during the two studied seasons. This result may be due to the
success of rooting depends on various factors one of them is the growing media as reported by
Treder et al. (2014).

3. Effect of cell -tray size on root length of transplant

As shown in Table (1), there were no significant differences in transplant root length among
all tested cell-tray sizes and bare root transplant obtained from the open nursery (control) during
the first season. The non significant difference in cell tray transplants and traditional bare root
production method may be due to that the success of rooting depends on various factors as
reported Treder et al. (2014). On the other hand, data showed that cell-tray size of 150 ml gave
the highest root length without significant difference between it and bare root transplants
obtained from the open nursery (control) during the second season. On the other side, the lowest
value of transplants roots length was noticed with 50 ml and 25.5 ml cell-trays size in the second
season.

4. Effect of cell -trays size on transplant crown diameter

Data in Table (1) indicated that the transplant crown diameter was higher when using 50 and
50 ml cell-tray sizes and bare root transplants obtained from the open nursery (control) without
significant differences among them during the two tested seasons. These results agree with those
reported by Gustavo et al. (2009) who found that bare root transplants and plug transplants from
large cell size had larger crown.

Data also, showed that the cell-tray sizes 50 and 150 ml and bare root transplants (control)
produced good crown diameter nearly 8 mm that could be one of the parameters taken in
consideration for screening the physiological quality of strawberry transplants as reported by
Hochmuth et al., (2006b).

The obtained results are in agreement with those reported by Cocco et al. (2011), who
mentioned that the strawberry crown diameter was higher in plug transplants. On the other hand,
transplants planted in 25.5 ml cell size gave the lowest significant mean values of transplant
crown diameter, in the two tested seasons.

5. Effect of IBA treatment on number of transplants leaves.

Data in Table (2) showed that the application of IBA did not increase the number of leaves
per transplant in the two tested seasons. In addition, IBA at 500 ppm decreased the leaf
number.However, the lowest mean values of number of leaves were registrated in control
transplants. This result may be due to that IBA promotes root growth but not necessarily shoot
growth.
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Table (2): Effect of IBA on some plug strawberry transplant characters during the two
studied seasons.

Crown diameter
IBA Number of leaves Number of roots Root length(cm) i)
2010 2011 2010 2011 2010 2011 2010 2011
Without 522 a 572 a 33.66 a |[2261 b |13.16bc |9.50b 0.8la 82.00 a
250 ppm | 5.00 ab | 550 ab (3211 a | 3451 a |[13.73ab |9.28Db 0.81la 82.00 a
500 ppm | 4.78 b 528 b 2342 b 3261 a |1433a |861b 0.83a 84.00 a
Control 3.66 ¢ 4.16 c 2144 b 2392 b |1255c¢c |11.20a |0.78a 79.00 a

Values in the same column followed by the same letter(s) do not significantly differ from each
other according to Duncan's multiple range tests at 5% level.
Control= Bare root traditional production method

6. Effect of IBA on number of roots of transplants

Data in Table (2) showed that application of the plug transplants by 250 ppm IBA gave the
highest values in this character without significant between it and those un treated with IBA
during the first season. Moreover, in the second season the highest values were detected to 250
and 500 ppm IBA. In other words application of IBA at 250 ppm was the best treatment in the
two seasons. This result may be due to that IBA applications promote adventitious root
formation in transplants, which increases root growth as reported by Hartmann et al. (2010).

These results agree with those reported by Roh et al. (2005) who observed that the
application of IBA increased the rooting percentage compared with un trated of IBA plants.

7. Effect of IBA on root length of plug strawberry transplants

The results presented in Table (2), clearly indicated that root length increased by using 500
ppm or 250 ppm IBA as compared with control transplants, in the first season. However, indol
butric acid decreased the root length, in the second season, compared to control treatment.

These results may be due to that the success of rooting depends on various factors not only
IBA but also on growing media, cultivar and air humidity as reported by Treder et al. (2014).
These results did not agree with those reported by Hartmann et al. (2010) and Santelices (2007)

8. Effect of IBA on crown diameter of transplant
There were no significant differences in crown diameter of plug transpants among all tested
treatments, as a result of IBA application in the two tested seasons (Table 2).

B- SECOND EXPERIMENT:-

1. Effect of cell tray size on flowering.

The cell -tray sizes at 150 and 50 ml produced significantly the early flowers than the
transplants producted in 25.5 ml or bare root transplants during the two studied seasons (Table
3).These results could be due to the increment of crown diameter in the strawberry transplants
from the cell -tray sizes at 150 and 50 ml which gave a good indicator of plant growth when
transplanting in the field. These results agree with those of Fumiomi et al. (2004) and Cocco et
al. (2010).
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Table (3): Effect of cell trays size on earliness of flowering and early and total yield
during 2010\2011 and 2011\2012 seasons.

Cell trays | Earliness of flowering Early yield Total yield
size (go/plant) (g9/plant)
2010/2011 | 2011/2012 | 2010/2011 | 2011/2012 | 2010/2011 | 2011/2012
150 ml 48.00 b |4550 b 156.68 a 176.82 a 547.32 a 587.69 a
50 ml 5333 ab [4325 b 155.60 ab | 176.58 ab |528.97 a 569.02 b
25.5ml 58.33 a |55.50 a 15482 b | 175.60 bc |522.44 c 562.53 bc
Control 5833 a |52.75 a 146.64 ¢ |176.82 c 523.38 bc |563.78 c

Values in the same column followed by the same letter(s) do not significantly differ from each
other according to Duncan's multiple range tests at 5% level Control = bare root transplant

These results agree with those reported by Hochmuth et al. (2006a) who concluded that plug
transplants had earlier flowering. This result may be due to the plugs have the root system
embodied by the substrate and have advantages in relation to crop stand, and disease and pest
management as reported by Hochmuth et al., (2006b).The obtained results showed that there
was delaying of flowering in the traditional bare root transplants (control) when transplanting in
field. These results may be due to the mechanical damage to the root system at planting and high
risk of contamination by pathogens in bare root plants as reported by Durner et al., (2002).

2. Effect of cell tray sizes on early and total yield.

Data in Table (3) indicated that the early and total fruit yields were affected by cell -tray
sizes. The increasing of transplants cell tray size lead to significant increase in early and total
yield of plug transplant system than the traditional bare root transplants. This result could be due
to the increment in the earliness (low number of days from planting to flowering) in plug
transplants as shown in Table (3) which directly increased early yield .The result indicated also
that the use of 50 and 150 mm cell size of trays is advantageous for commercial production due
to producing the highest early and total fruit yields while the use of 25.5 mm cell size and
traditional bare root transplants gave the lowest early and total yields during the two studied
seasons. These results agree with those reported by Hochmuth et al., (2006b)

This result could be due to earliness of flowering in strawberry transplants from the large cell
trays transplants as shown from previous results in (Table 1) which directly increased the early
and fruit yield as reported by Cocco et al (2011).

3. Effect of cell tray sizes on average fruit weight and fruit firmness

Data presented in Table (4) showed that the cell-tray size did not affect significantly average
fruit weight and fruit firmness compared with the traditional bare root transplants (control) in
strawberry plants during the two studied seasons.
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Table (4): Effect of cell tray sizes on fruit weight and firmness during 2010\2011 and

2011\2012 seasons.
Cell trays size Average fruit weight Fruit firmness
(9) (g/lcm?)
2010/2011 2011/2012 2010/2011 2011/2012
150 ml 20.47 a 22.64 a 500.00 a 500.00 a
50 ml 17.67 a 19.90 a 500.00 a 500.00 a
25.5 ml 1745 a 19.60 a 483.33 a 500.00 a
Control 21.05 a 23.28 a 500.00 a 500.00 a

Values in the same column followed by the same letter do not significantly differ from each
other according to Duncan's multiple range tests at 5% level. Control = bare root transplant

4. Effect of cell tray sizes on fruit chemical characteristics

Data presented in Table (5) showed that the cell-trays size did not affect significantly the fruit
chemical characteristics, i.e., total soluble solids, pH value and ascorbic acid content compared
with the traditional bare root transplants (control) in strawberry plants during the two studied
seasons. In this connection, the cell-tray transplant size at 150 ml gave the significant increment
in the titratable acidity in strawberry fruits in the second season only.

Table (5): Effect of different cell -trays size on fruit chemical characteristics during
2010\2011 and 2011\2012 seasons.

Total soluble solids Titratable acidity pH value Ascorbic acid content
Cell (%) (mg/100g) (mg/100g f.w)
trays
size |2010/2011 | 2011/2012 | 2010/2011 | 2011/2012 | 2010/2011 | 2011/2012 | 2010/2011 | 2011/2012
150ml | 9.66 a 9.45 a 0.28 a 0.30 a 443 a 322 a |84.79 a |86.29 a
50 ml 950 a 9.28 a 029 a 028 b 447 a 340 a |8489 a |86.35 a
255ml [ 9.00 a 9.17 a 029 a 0.28 b 450 a 349 a |8475 a |86.25 a
Control | 839 a 9.39 a 0.28 a 0.28 b 440 a 332 a |8543 a (8693 a

Values in the same column followed by the same letter do not significantly differ from each
other according to Duncan's multiple range tests at 5% level. Control = bare root transplant

1. Effect of IBA concentration on earliness of flowering.
Data in Table (6) indicated significant increments in the earliness of flowering when

transplants were treated with IBA at all concentrations compared with the traditional bare root
ones (control) during the two tested seasons. At the same time, data indicated that plug
transplants which were not treated with IBA lead also to significant increments in the earliness
compared to bare root when transplanting in field without significant differences between it and
these the treated by IBA.

These results could be due to the increments of the number and length of transplant roots in
plug transplants that treated by IBA as shown in Table (2). The increments of the number and
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length of strawberry transplants roots lead to protect the transplants after planting from
mechanical damage by the substrate remaining attached to the roots. Therefore, their initial
growth after planting is enhanced, leading to early flowering. These results in agreement with

Hochmuth et al. (2006a) and Durner et al. (2002)

Table (6): Effect of IBA concentration on earliness of flowering, early and total yields
during 2010\2011 and 2011\2012 seasons.

. Early yield Total yield

IBA Days to flowering @ /gllgnt) @ /plgnt)
2010/2011 | 2011/2012 | 2010/2011 | 2011/2012 | 2010/2011 | 2011/2012
Without 52.67 b 53.00 b |155.60 a |185.72 a |583.38 a |573.78 a
250 ppm 52.67 b 51.33 b | 15538 a |176.82 b |562.84 b |502.79 c
500 ppm [ 51.00 b 53.33 b | 14551 b | 17551 b |53450 ¢ |544.73 bc
Control 58.33 a 56.33 a |14664 b |176.82 b |52337 d |563.78 d

Values in the same column followed by the same letter(s) do not significantly differ from each
other according to Duncan's multiple range tests at 5% level. Control = bare root transplant

2. Effect of IBA concentration on early and total yield.

It appears from data in Table (6) that the un treated plug transplants followed with those
soaked in IBA at 250 ppm increased significantly the early and total yield, in general, compared
with the traditional bare root method (control) during the two studied seasons. On the other hand,
the obtaind results showed also that control plants gave the lowest total yield in two tested
seasons.

3. Effect IBA concentration on average fruit weight and firmness.

Data presented in Table (7) showed that treating or non treated plug strawberry transplants
with IBA did not affect the fruit firmness during the two studied seasons as compared with the
traditional bare root plants (control) in strawberry plants. While average fruit weight was
slightly affected by tested treatments. Control treatment showed the lowest value in two tested
seasons.

Table (7): Effect of Effect of IBA concentration on average fruit weight and firmness
during 2010\2011 and 2011\2012 seasons.

: . Fruit firmness
A Average fruit weight (g) )
2010/2011 2011/2012 2010/2011 2011/2012
Without 22,51 ab 21.98 a 500.00 a 500.00 a
250 ppm 23.70 ab 22,99 a 500.00 a 500.00 a
500 ppm 26.05 a 25.01 a 500.00 a 500.00 a
Control 21.05 b 19.05 b 494.44 a 500.00 a

Values in the same column followed by the same letter do not significantly differ from each
Control = bare root transplant

other according to Duncan's multiple range tests at 5% level.
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4. Effect of IBA concentration on fruit chemical characteristics.

Data presented in Table (8) showed that IBA application did not affect the fruit total soluble

solids, titratable acidity and ascorbic acid contents during the two studied seasons.As for pH
value, data in Table (8) showed also that using IBA slightly affected the fruit pH in two tested
years.

Table (8): Effect of IBA concentration on fruit chemical characteristics during 2010\2011
and 2011\2012 seasons.

Total soluble solids Titratable acidity pH Ascorbic acid content
IBA (%) mg/100g Value (mg/100g f.w)
2010/2011 | 2011/2012 | 2010/2011 | 2011/2012 | 2010/2011 | 2011/2012 | 2010/2011 | 2011/2012
Without | 8.28 a 9.27 a 0.29 a 0.30 a 449 ab |351 ab |85.07 a |86.57 a
250 |8.22 a 9.19 a 0.28 a 031 a 437 b 339 b (8479 a |86.29 a
ppm
500 [833 a 931 a 0.29 a 0.30 a 457 a 359 a (8564 a |87.14 a
ppm
Control | 8.39 a 9.37 a 0.28 a 0.30 a 440 b 342 ab (8543 a |86.93 a

Values in the same column followed by the same letter do not significantly differ from each

other according to Duncan's multiple range tests at 5% level. Control = bare root transplant
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