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ABSTRACT

The present study was conducted during the period 2014-2016 at the greenhouse facilities of the
Department of Horticulture, Faculty of Agriculture, Suez Canal University. The experiment tested the
effects of growing three daughter plants (ramets) sizes based on crown diameter (large > 7 mm, medium
5-7 mm and small < 5 mm) in combination with three medium types (M1, coco peat + vermiculite +
perlite; M2, coco peat + rice hull + sawdust; M3, coco peat + rice hull + rice straw in 1:1:1 v/v) on plug
transplant growth in container (84-cell foam trays) of three strawberry cultivars. Results of the main
effect of the initial ramet size indicated positive effects of large ramet on obtaining better plug plant
vegetative and rooting characteristics than medium or small size ramets. Results of the main effect of
medium types showed that both M1 and M2 produced plug plants with better leaf petiole length, leaf
fresh weight (FW) and Dry weight (DW) and crown diameter than M3, but root dry mass was not
affected by medium types. Plug transplant grown on M3 had better contents of chlorophyll and
carotenoids in their leaves than those on M1 or M2. Nutrient analysis of plug plant leaves indicated that
plug plants grown on M1 had more P, K, Fe and Cu, and those on M2 had more N, Ca and Mn, while
plug plants derived from M3 had more Mg and Zn. Results also indicated that plug transplants were not
different in some vegetative and rooting characters among the different strawberry cultivars, especially in
number of leaves per transplant, leaves FW and DW, crown DW and root DW, while root length was
better in transplants of cv. 'Festival' than 'Tudla’ and 'Sweet Charlie'. Leaves of plug plants in cv. 'Tudla'
recorded higher chlorophyll and carotenoids than 'Festival' and 'Sweet Charlie' and also had more N, P,
and K contents. Generally results indicated that optimum plug transplant production and growth was
obtained by the culture of large size ramets in trays filled with any of the tested medium types and
cultivars. These results indicated the possibility of producing large number of strawberry plug transplants
in Egypt using soilless, suspended growing system as alternative to their production in field nursery to
avoid the hazardous effects of soil fumigation and pesticide use.
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INTRODUCTION

The cultivated strawberry (Fragaria x ananassa
Duch) is of special economic importance and is
considered the most important berry fruit in the world.
Egypt is one of the leading strawberry production
countries with total production of 253.383 million tons.
The average yield/ha in Egypt (45.5 MT/ha) is one of
the highest in the world, and the cultivated area reached
6509 ha (FAOSTAT, 2014). In addition to exporting
considerable amount of fresh and frozen fruits, large
amount of strawberry transplants (> 4 million trans-
plants in 2016) are also exported to several countries.
Therefore, nursery industry has grown in Egypt during
the past two decades with the introduction of high
yielding cultivars. It is also estimated that at least 310
million transplants are required by strawberry growers
in Egypt.

Strawberry nursery fields should be free from
pathogen, insects and weeds. To avoid these problems,
nursery soil should be fumigated with methyl bromide
(MB). The use of MB has long been regarded as a
necessary pre-planting practice for strawberry and other
crops (Duniway, 2002). However, MB was included in
the list of ozone-depleting substance and was classified
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as class | ozone-depleting substance (Ristaino and
Thomas, 1997). Therefore, soilless culture may become
one of the best alternatives for sustainable agriculture,
and to avoid the hazard effects of using MB in straw-
berry nurseries (Larson et al., 2002).

The production of strawberry transplants in trays
(containerized, plug transplants) has been started in the
early 90s and was first described by Poling and Parker
(1990) where runner tips are excised from disease-free
mother plants and rooted in soilless media under mist in
the greenhouse. Further reports on strawberry plug
transplant production were also shown by Bish et al.
(1997a); Hochmuth (1998); Poling and Maas (1998);
Bish et al. (2001) and Paranjpe et al. (2004) among
others.

The major advantages of plug transplants were
summarized as reduction in pesticide requirements and
soil-borne diseases, cost of transplanting, reduced water
needs, improved survival, and suitability for early yield.
For soilless production of runners, the most widely
substrate mixtures are the one composed of peat mass,
vermiculite and perlite (Mohamed, 1999). However,
these types of media are not largely available in Egypt
and represent major production cost. Other organic plant
materials are locally available in Egypt, such as rice
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straw, an important rice crop by-product (Morsi et al.,
2014). About 5 million tons/year of rice straw are
produced from the rice fields. However, until recently,
there is no practical use of this amount, which causes
serious pollution when disposed by burning (Abdel-
Sattar et al., 2008). Rice hulls are also locally available
and cheap rice by- products and their use as substrate in
combination with other materials need to be examined
as suitable media in soilless production of strawberry
runners and plug plants.

Plug plant production in containers were mostly
studied in terms of tray cell size (Bish et al., 1997a;
Jansen, 1997; Mohamed, 1999; Giménez et al., 2009;
Ahmed, 2015) and field performance as affected by pre-
conditioning cold treatments (Durner and Poling, 2000;
Bish et al., 2002; Hokanson and Takeda, 2003). Straw-
berry daughter plants (ramets) with very small root balls
are the materials used for plug transplant production,
but limited studies are available concerning the size of
ramet to be utilized.

Strawberry plug transplants are normally produced in
containers (trays) filled with soilless medium of diffe-
rent mixes. Daughter plants (referred to runner plants,
runner tips, or ramets) have also different growth patt-
ern according to their position on the stolon. In aerop-
onic, suspended growing system, mother plants produce
aerial runners and ramets without being in contact with
the ground. Ramets are harvested at onetime harvest or
several harvests during the summer growing season to
be grown in the trays for plug transplant production.
Therefore, the success of producing good quality straw-
berry plug plants may depends on ramet size, substrate
composition, tray size and the genotype, among other
factors. Plug plant size is selected according to different
categories. Freeman and Pepin (1971) rated strawberry
runner plants according to their weight. They found that
small runner plants (5 g) have low survival than
medium (5 - 10 g) or large (> 10 g) plants. Crawford et
al. (2001) tested plug plants based on their petiole
length and reported that small plant size (5.1 cm),
medium (5.1 - 10.2 cm) and large (> 10.2 cm) were not
significantly different for their fruit yield, using cv.
‘Chandler'. They proposed that plug size might affect
strawberry yields if sizes were determined by fresh
weight or leaf area. They also stated that ramet plants
containing one to three leaves may be used in plug
propagation of strawberry. In line with this, Bish et al.
(2003) examined three ramet sizes based on number of
leaves per ramet at time of excision from the stolon in
cv. 'Sweet Charlie'. They found that high quality plug
transplants with well-developed root system and crown
diameter can be produced from large diameter (4 mm)
stolon and from ramet bearing two leaves than zero or
one leaf ramet.

Based on crown diameter of plug plant, Cocco et al.
(2011) examined plug transplants from 2.0 up to 7.0
mm crown on strawberry yield. Crown diameter of
runner tips used for plug transplant production had no
effect on growth and fruit yield. They concluded that all
runner tips could be used for producing commercial
plug transplants, since their crown diameter was similar
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at the end of the production cycle, irrespective of their
initial size.

The quality (vigor) of strawberry transplant may be
determined generally by the crown diameter. In plug
plants the crown diameter is related with the physio-
logical age (Cocco et al., 2010). Bish et al. (2002) and
Giménez et al., (2009) reported that larger crown in
plug transplant indicated higher vigor and faster initial
growth which allow earlier and higher yield. Results of
Menzel and Smith (2011) also demonstrated that large
size (crown diameter = 10-17 mm) transplants had
greater strawberry yield than small (6-10 mm) ones.
According to Jansen (1997), crown diameter of straw-
berry plug transplant does not depend on the initial
diameter, but on the density of rooted plant. Results of
Bartczak et al. (2007) showed that crown diameter,
number of leaves, ramet fresh weight and dry weight
increased with the advance in their sequence on the
stolon, being the highest in the oldest, and the lowest in
the youngest ramets. Recently, Ahmed (2015) examined
the effect of the initial ramet crown size; viz, 0.3 - 0.5
cm (small), 0.6 - 0.8 cm (medium) and 0.9 - 1.2 cm
(large) on plug transplant growth and reported that large
size plugs gave more leaf number, root number and
length and more crown diameter.

Soilless substrates used in plug transplant production
in trays vary among several reports, in terms of the type
of substrate mixtures and their physical and chemical
properties. Bish et al. (1997a) studied the effect of
vermiculite particle sizes on the quality of containerized
plug transplant of the strawberry cv. 'Sweet Charlie'.
Vermiculite of three particle sizes (0.13 - 0.24, 0.31, and
0.5-0.65 cm) were examined. Results indicated that
increasing particle size caused increase in media
aeration, and plug plants grown in the 0.31-0.43 cm
particle size vermiculite had better crown development.
A significant quadratic response of root branching to
media aeration was detected. Mohamed (1999) evalu-
ated four medium types for plug transplant quality
namely: peat + vermiculite + perlite + sand, peat +
vermiculite + perlite, peat + vermiculite + sand, and
peat + vermiculite. it was shown that plug transplant
growth, number of leaves, crown diameter, root length,
root fresh weight and dry weight as well as shoot fresh
and dry weight were all increased using a mixture of
peat + vermiculite + perlite (1:1:1 v/v). They also noted
that strawberry plug transplant derived from this
medium produced higher early and total fruit yield as
well as number of fruits in the field. Similar findings
were also reported by Paranjpe et al. (2004). Jansen
(1997) propagated strawberry tips on peat or rockwool
in trays of different densities. It was reported that peat-
grown plants had more vegetative growth than rock-
wool. In other report, Paranjpe et al. (2004) grew runner
tips in different organic substrates and found that
organic mix containing pine bark and worm castings
needed to be irrigated more frequently than those grow
in peat moss, perlite and vermiculite. Results of
Bartczak et al. (2007) revealed increase in strawberry
plug plant crown diameter, number of leaves, shoot
fresh and dry weight using rock wool, followed by
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coco fibers or peat moss + pine bark.

In a study by Treder et al. (2014), they found a very
similar dynamics of root formation in plug plants of cv.
‘Elsanta’, both in coconut substrate and in peat moss.
Both substrates were shown to have similar physical
properties as reported by Lennartsson (1997). Recently,
Treder et al. (2015) made another study to compare
between peat moss and coconut fiber substrates on their
capacity to produce plug plants and runners from moth-
er plants. They found no difference between the two
substrates on the rate of root formation and the quality
of plantlet rooting. Photosynthetic rate of plug plants
was higher on coconut fiber than peat moss after two
weeks of growth in containers. Ahmed (2015) studied
four medium types in trays for plug production,
including peat + perlite (1:1) and peat + perlite + verm-
inculite (1:1:1), peat + vermiculite (1:1) and peat +
perlite + vermiculite + sand (1:1:1:1). Plug plants raised
on peat + perlite significantly had more leaves, root
number and crown diameter, but root length was similar
to the other substrate.

Plug transplant quality may be different among
different strawberry genotypes. The two cultivars stud-
ied by Bartczak et al. (2007) showed different response
to the medium type examined, especially in ramet fresh
weight. In Egypt, many strawberry genotypes are
cultivated, and it is important to examine their plug
plant performance in different substrates.

The effectiveness and efficiency of strawberry plug
plant upon transplanted in the field have been shown to
be affected by the methods of their production, as
previously described. In addition, it is generally recogn-
ized that strawberry plug plants outperformed bare root,
frigo and fresh-dug plants in terms of establishment,
growth, and yield characters (Hochmuth et al., 2006).
Therefore, the need to introduce this technology to the
Egyptian growers is crucial.

The present work was designed to maximize straw-
berry plug transplant production through: production of
quality plug transplants in trays via determination of
best ramet size and substrate type in trays, in different
strawberry genotypes.

MATERIALS AND METHODS

Strawberry runner plants resulting from the Suspen-
ded Growing Open System (SGOS) using hanged PVC

pipes (1.5 meter from soil) (El-Deeb, 2017) were used
for the production of strawberry plug transplants during
August and September 2016. Ramets were collected
from three strawberry cultivars, namely: 'Sweet Charlie'
and 'Festival' (USA) and 'Tudla' (Spain), excised from
the hanged runners and divided into three sizes (small,
medium and large) depending on diameter of ramet
crowns, as shown in table (1) and figure (1) according
to their position in the runners. They were then allowed
to grow under mist in 84 cell foam trays with different
substrate treatments: coco peat + vermiculite + perlite
(M1), coco peat + rice hull + sawdust (M2), coco peat +
rice hull + rice straw (M3), all in 1:1:1 (by v/v).

Runner tips were planted immediately after harvest
such that the root pegs (initials) and anchor are just
below the substrate surface, with the leaves and as much
of the developing crown as possible remain above the
substrate surface, the substrate was then pressed lightly
around the runner tips to hold the plant in place. After 4
weeks of growth in foam trays, plug plants were
removed with their roots from trays for data analysis.
The obtained plug transplants were subjected to data
recording as follow: diameter of crown (cm), number of
leaves, fresh (FW) and dry weight (DW) of shoot (g),
length of root system (cm), FW and DW for root system
(9), volume of the root system (cm?®). Estimation of
nutrient contents in shoot (N, P, K, Mg, Ca %, Fe, Mn,
Zn and Cu ppm) were determined in mother plant leaves
as follow: fifteen leaves were taken from 3 plants for all
treatments. The leaves were dried at 70°C for 48 hours
and grounded. Half gram of the samples was digested
by sulfuric acid and hydrogen peroxide according to
Jackson (1967). After proper dilution of digested mate-
rial, nitrogen (N) was determined using modified Khel-
dahl method according to Jackson (1967). Phosphorus
(P) was determined using Spectrophoto-meter according
to Black et al. (1965). Potassium (K) and Calcium (Ca)
were determined by using Flame photometer (Genway)
according to Jackson (1967). Mg, Fe, Mn, Zn and Cu
were determined using the Atomic absorption spectro-
photometer (Perkin Elemer 1100 B).

Table (1): Characteristics of the different ramet sizes tested.

Leaves Number

Size of Ramet ~ Ramet FW (g) (No./ramet)
Small (S) 0.43 1.00
Medium (M) 1.37 313
Large (L) 431 4.20

Figure (1): Different sizes of ramets tested at time of transplanting onto trays.
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Determinations of leaf chlorophyll (Chl. a, b and
total) and carotenoids (Car.) contents (mg/100 g FW)
were performed according to the method of Lichten-
thaler (1987) using spectrophotometer (model, Unico
UV/VIS 2100, USA).

A factorial experiment with a randomized complete
design (RCD) was used with twenty seven treatments
(3x3x3) and three replicates (50 plants/ replicate). Each
replicate was a 150-cell tray. Statistical analysis was
performed with the aid of the SPSS 14 for Windows
statistical package (IBM Corp., New York, USA). Data
were evaluated by analysis of variance for the main
effects and the means of values were compared by the
Duncan Multiple Range Test (DMRT) at p=0.05.

RESULTS

A.Effects of ramet size and medium types on vege-
tative growth of plug transplant in different straw-
berry genotypes:

Daughter plants (ramets) of three strawberry geno-
types were examined for their plug plant growth chara-
cters in combination with ramet size and soilless medi-
um types. Results of the main effect of genotypes on
plug transplant shoot growth (Table 2) indicated that
number of leaves per transplant, leaves FW, DW and

crown DW were not significantly different among the
three cultivars (‘Tudla’, 'Festival' and 'Sweet Charlie").
However, mean Leaves petiole Length, crown diameter
and crown FW were different. Plug plants of the cv.
'Festival' had the lowest leaf petiole length, crown diam-
eter and crown FW. 'Sweet Charlie' and 'Tudla' also
recorded the highest crown diameter. Results (Table 2)
indicated no significant effect of the initial ramet size on
number of leaves per plug plant. Large ramet signifi-
cantly produced the highest leaf petiole length, leaves
FW and DW, as well as crown diameter, crown FW and
DW, followed by medium size ramet. Small ramets
produced the least growth for most parameters.

Ramet shoot growth characters were not significantly
affected by medium composition for number of leaves,
crown FW and DW. However, M2 (coco peat + rice hull
+ sawdust) produced the highest leaves FW and DW.
The culture of ramets on M1 (coco peat + vermiculite +
perlite) was not significantly different than M2 for leaf
petiole length and crown diameter which were higher
than these on M3 (coco peat + rice hull + rice straw) as
in Table (2). Results of ANOVA indicated that the
interaction of cultivar x size, cultivar x medium, size x
medium and cultivar x size X medium were not signi-
ficant for all growth characters, except leaves FW which
was significantly affected by cultivar x medium.

Table (2): Effects of strawberry genotype, ramet size and soilless medium types on plug transplant vegetative growth characters.

Treatments Leaves Leaves Petiole  Leaves FW Leaves DW  Crown Diameter  Crown FW  Crown DW
Number Length (cm) (@ (@ (mm) @ (@
"Tudla' 452 a* 8.58 a 1.56 a 0.35 a 6.05 a 0.45 ab 0.09 a
Cultivar "Festival’ 4.48 a 7.86 b 1.56 a 0.40 a 5.58 b 0.38 b 0.07 a
'Sweet Charlie'  4.48 a 7.10 c 1.60 a 0.34 a 6.05 a 0.47 a 0.07 a
Ramets Smfall 4.41 a 5.60 c 1.02 c 0.22 c 5.07 c 0.29 c 0.06 b
Size Medium 4.44 a 8.01 b 1.54 b 0.34 b 5.84 b 0.43 b 0.06 b
Large 4.63 a 9.93 a 2.16 a 051 a 6.77 a 0.59 a 0.10 a
Medium M ** 4.44 a 8.21 a 1.57 ab 0.37 ab 6.21 a 0.44 a 0.07 a
Type M, 4,70 a 8.12 a 1.75 a 0.39 a 6.00 a 0.47 a 0.08 a
M3 4.33 a 721 b 1.40 b 0.32 b 5.46 b 0.40 a 0.08 a
Cultivar x Ramet Size NS NS NS NS NS NS NS
Cultivar x Media NS NS * NS NS NS NS
Ramet Size x Media NS NS NS NS NS NS NS
Cultivar x Ramet Size x Media NS NS NS NS NS NS NS

* Means with the same letters are not significantly different at 5% level. ** M1= coco peat + vermiculite + perlite, M2= coco peat + rice hull + sawdust, M3= coco peat + rice hull + rice straw.

A.Effects of genotypes, ramet size and medium types
on root growth of plug transplants:

Results in Table (3) showed that cv. 'Festival'
plug plants had the highest root length, while root FW
and root volume was the highest in cvs. 'Tudla' and
‘Sweet Charlie'. Genotypes did not significantly affect
root DW. Data also indicated that large size ramets had
significantly produced plug transplants with the highest
root FW, DW and volume. However, ramet size did not
significantly affected root length. Small size ramets had
the least values of root FW, DW and volume. Results
(Table 3) revealed the outperformance of M1 and M2
over M3 medium on root length, root FW and root
volume, while root DW was not significantly different
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among the three tested media. Results of ANOVA
(Table 3) indicated no significant effect of any the
interactions on root FW, root DW and root volume.
However, the interaction of cultivar x media and ramet
size x media were significant on root length.

Results of the combined effect of cultivars x ramets
size x medium types on rooting of plug plants (data not
shown) indicated that medium size ramet of cv. 'Fest-
ival' grown on M2 medium recorded the highest root
length (7.36 cm), followed by those on M1 (7.33 cm).
Root FW and DW were the highest from large ramets of
cv. 'Sweet Charlie' on M2 or M1 media. The plug plants
of this cultivar had also the largest root volume obtained
from large ramet on M1 media (3.66 cm3).
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Table (3): Main effects of strawberry genotypes, ramet size and soilless medium types on plug transplant rooting characteristics.

Root Length Root FW  Root DW Root Volume
Treatments
(cm) () (9 (ml)
‘Tudla’ 574 b* 209 a 026 a 219 a
Cultivar 'Festival' 6.21 a 147 b 023 a 169 b
'Sweet Charlie' 576 b 218 a 026 a 237 a
Small 588 a 123 ¢ 015 ¢ 136 ¢
Ramet Size Medium 590 a 186 b 024 b 198 b
Large 594 a 266 a 037 a 292 a
Medium My ** 652 a 204 a 026 a 227 a
Type M, 630 a 203 a 026 a 219 a
M3 490 b 168 b 023 a 181 b
Cultivar*Ramet Size NS NS NS NS
Cultivar*Media Fkx NS NS NS
Ramet Size*Media Fkx NS NS NS
Cultivar*Ramet Size*Media NS NS NS NS

*Means with the same letters are not significantly different at 5% level.
** M1= coco peat + vermiculite + perlite, M2= coco peat + rice hull + sawdust, M3= coco peat + rice hull + rice straw.

A .Effect of strawberry genotypes, ramet size and
medium types on chlorophyll and carotenoid cont-
ents of plug plants.

Photosynthetic pigments (chlorophyll a, chlorophyll
b, total chlorophyll and carotenoids) were determined in
leaves of plug transplant under the influence of straw-
berry cultivars, initial ramet size and substrate mixture.

Results of the main effect of genotypes demonstrated
that leaves of cv. ‘Tudla' transplant had significantly the
highest chlorophyll b, total chlorophyll and carotenoids
(Table 4), while those of cv. 'Festival' had the highest
chlorophyll a. With respect to the main effect of ramet
size, results indicated that plug transplants derived from
large ramets were significantly the highest in all pigm-
ents (chlorophyll a, chlorophyll b, total chlorophyll and
carotenoids). Plug plants derived from small ramets
were the lowest in chlorophyll b and total chlorophyll,
while those derived from medium size ramets had the
lowest contents of chlorophyll a and carotenoids.
Regarding the main effect of media, results (Table 4)

clearly indicated that plug plant shoots grown on M3
(coco peat + rice hull + rice straw) significantly
recorded the highest amount of chlorophyll a, chloro-
phyll b, total chlorophyll and carotenoids, followed by
M1 (coco peat + vermiculite +perlite). Plug plants
derived from M2 medium (coco peat + rice hull +
sawdust) recorded lower contents of all determined
pigments than those from M1 or M3.

Results of ANOVA indicated that all possible inter-
action (cultivar x size, cultivar x medium, size X
medium, and cultivar x size x medium) significantly
affected all tested pigments (Table 4). The highest
chlorophyll a was recorded in leaves of cv. 'Festival'
from large size ramets on M1 medium, while chloro-
phyll b and total chlorophyll were the highest in leaves
of cv. 'Tudla’ transplants from large ramets grown on
M3 medium. Carotenoid contents were also signi-
ficantly higher in leaves of cv. 'Festival' transplant
derived from large ramets on M3 medium (data not
shown).

Table (4): Effects of strawberry genotypes, ramet size and soilless medium types on plug transplant chlorophyll a, chlorophyll b,
total chlorophyll and carotenoid contents (mg/100 g FW) in leaves.

Treatments Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoids

"Tudla’' 138.38 b* 50.32 a 188.65 a 19296 a

Cultivar 'Festival' 14561 a 4925 b 182.04 b 18501 ¢
"Sweet Charlie’ 13522 ¢ 4283 ¢ 178.01 c 18895 b

Small 12873 b 39.03 ¢ 167.72 c 185.06 b

Ramet Size Medium 12816 ¢ 4001 b 168.13 b 17753 ¢
Large 16232 a 63.37 a 212.85 a 20432 a

My ** 14576 b 5062 b 183.56 b 18740 b

Medium Types M, 12245 ¢ 39.27 ¢ 161.67 c 17285 ¢
M; 15101 a 5251 a 203.47 a 206.66 a

*hKk

Cultivar * Ramet Size
Cultivar * Media

Ramet Size * Media

Cultivar * Ramet Size * Media

*hKk

*kk

*Kkk

*hk *hKk

*hk *hKk
KKk *kk

KKk *kk

*Means with the same letters are not significantly different at 5% level.

** M1= coco peat + vermiculite + perlite, M2= coco peat + rice hull + sawdust, M3= coco peat + rice hull + rice straw
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A .Effects of strawberry genotypes, ramet size and medium types on shoot
nutrient contents of the plug plants:

Results in Table (5) indicated that leaves of plug plants of cv. "Tudla' had the
largest N, P, K and Cu contents. 'Festival' cv. had similar P contents to Tudla'.
However, the cv. 'Festival' had more Mg, Fe, Mn, and Zn in the leaves than "Tudla' or
‘Sweet Charlie'. Concerning the effect of ramet size, leaves of medium size ramets
had significantly more N, K, Fe, Mn and Cu. Different ramet size were not

significantly different in P, Mg or Ca contents. Large ramet had leaves with the
lowest N and Fe as shown in Table (5). With regard to medium type, leaves of plug
plants grown on M2 recorded higher N, Ca and Mn than on M1 or M3. M1 and M2
were similar in Fe contents, while M3 produced plug leaves with the highest Mg and
Zn (Table 5). Results of ANOVA indicated that all interactions of cultivar x size,
cultivar x medium, size x medium and cultivar x size X medium were significant for
their effects on all nutrients tested.

Table (5): Effects of strawberry genotypes, ramet size and soilless medium types on plug transplant nutrient elements contents in leaves.

Treatments N P K0 Mg Ca Fe Mn Zn Cu
% ppm
"Tudla’ 255 a* 036 a 411 a 0.20 b 1.36 b 91.80 b 95.33 b 83.22 b 1.37 a
Cultivar 'Festival' 231 b 0.37 a 4.02 c 0.22 a 1.18 c 110.10 a 215.22 a 85.38 a 1.17 b
'Sweet Charlie' 2.22 c 0.32 c 4.09 b 0.22 a 142 a 93.88 b 92.22 c 55.43 c 1.07 c
Small 231 b 0.35 a 4.02 c 0.22 a 1.33 a 99.90 b 101.67 c 66.63 b 1.17 c
Ramet Size Medium 251 a 0.35 a 412 a 0.22 a 1.34 a 105.57 a 164.00 a 78.59 a 1.23 a
Large 2.27 c 0.34 b 4.08 b 0.21 b 130 ab 90.31 c 137.11 b 78.81 a 1.20 b
My** 2.26 c 0.37 a 4.13 a 0.21 c 1.29 b 100.80 a 143.56 b 74.58 ab 1.30 a
Medium Type M, 2.49 a 0.36 b 3.97 c 0.21 b 1.38 a 100.51 a 168.89 a 73.83 bc 1.13 bc
M3 2.33 b 0.31 c 411 b 0.22 a 1.28 b 94.47 b 90.33 c 75.62 a 1.17 b

*hKk *khk

Cultivar*Ramet Size
Cultivar*Media

Ramet Size*Media
Cultivar*Ramet Size*Media

*kk *kk

*hKk *khk

*hKk *khk

kK

*kk

*khk

*k

*kKk *kk *kKk *kKk *hKk

KKk *kk *kk *kk *kk

*hKk *hk *hk *khk *hKk

*hk *hk *hk *hKk *hKk

*Means with the same letters are not significantly different at 5% level. ** M1= coco peat + vermiculite + perlite, M2= coco peat + rice hull + sawdust, M3= coco peat + rice hull + rice straw.

DISCUSSION

This study was conducted to examine the effects of runner plants initial size and
medium types in trays on plug transplant quality (shoot and root growth) of differ-
rent strawberry genotypes. It was noticed that plugs from all ramet sizes of the
strawberry cv. 'Sweet Char-lie' had high survival with more than 90% establishment
in all medium types. However, shoot and root growths were significantly different.
Starting plug plant production in trays with the use of large size ramets significantly
outperformed the use of small size ones, including increase in crown diameter (34%),
number of leaves (32%), shoot FW (66.7%), shoot DW (64.7%), root FW (56.3%),
root DW (53.3%) and root volume (39%) over small size ramets. In this experiment,
large ramets were taken from the first 3 nodes in the runner, while small ramets were
taken from the 4" to 6™ nodes on the runner, more distance from the mother
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plant. The cause of the outperformed of large size ramets over small ones in plug
plant growth could be related to their higher initial crown diameter (more starch
content) and leaf area (more photosynthetic products). Large ramets have also better
chance for accumulation and uptake of water and nutrients from mother plants than
those in further distance from the mother plant. It was also observed that large ramets
started the formation of new roots earlier than small ones, which could have
contributed to the observed increase in root fresh and dry weight and root volume in
the medium. In line with these findings, Takeda et al. (2004) obtained better plug
transplants using ramets harvested from the node most proximal to the mother plant
than those from more distance ones. They suggested that small ramets have reduced
capacity to form sufficient root mass to hold the rooting media intact when the plug
was pulled out of the tray cell. Similar results were also reported by Tiirkben (2008)
who showed that ramets from node position close to mother plant positively affected
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crown diameter, plug transplant FW, root length, root
number and root DW. In accordance with our findings,
results of Bartczak et al. (2007) showed that the initial
ramet growth, in terms of crown diameter, number of
leaves, ramet FW and DW, increased with the advance
in their sequence in stolon, being the highest in the
oldest ramets, which may contribute to their higher plug
transplant growth in trays. Cocco et al. (2010) also
showed that crown diameter is related with physio-
logical age. In a recent study, Ahmed (2015) obtained
better plug transplant growth in terms of number of
leaves and root growth when using large size ramets. In
agreement with our results, several reports have shown
increase in plug transplant survival and quality using
large ramet size (Freeman and Pepin, 1971; Bish et al.,
2003; Hochmuth et al., 2006; Cocco et al., 2011).

Results of this experiment also showed that large size
ramets accumulated more photosynthetic pigments in
their leaves, which may explain their better performance
via more partitioning of assimilates towards the crown
and root growth than in small ramets. However, results
of nutrient analysis indicated more nutrients (N, K, Fe,
Mn and Cu) in plug plants derived from medium size
ramets than those derived from large ones. Therefore, it
could be possible that the capacity of plug plants
derived from large ramets to accumulate photosynthetic
products is more important than their ability to uptake
nutrients for their growth. This was in agreement with
the results of Alpert (1991) who reported that nitrogen
sharing among ramets on the stolon is almost entirely
from older to younger ramets (uni-direction). On the
other hand, photosynthetic products (carbon sharing)
was shown to be bi-directional, from older to younger
ramets, or vice versa, as reported by Alpert and Mooney
(1986) and Hutchings (1999). Alpert et al. (2003) stated
that some patterns of carbon and nitrogen sharing in
wild strawberry make the growth of ramets less equal,
and plants may use hormones to modify patterns of
resources (N and C) sharing between ramets.

Atkinson and Else (2012) also studied the movements
of resources between mother plants and ramets along
the stolons and showed that younger ramets had less dry
mass than older ones, while foliar N, P, K were greater
for younger ramets. Our finding, along with other
previous reports makes it possible to conclude that large
size ramet had more capacity for photo assimilate
accumulation in their crowns, while small ramets had
more nutrients diverted from older ones. Therefore, it
was concluded by Crawford et al. (2001) and Cocco et
al. (2011) that all runner tips could be used for
producing plug transplants, since their fruit yield was
equal in the field, irrespective of their initial size.
However, our results clearly demonstrated that, for
better quality plug transplants, large ramet size is
preferred. Plugs with increased crown diameter or DW
is important because it has been correlated with
increased fruit production (Strik and Proctor, 1988).
Root growth and quality are important for establi-
shments of transplants in the field (Weston and
Zandstra, 1986) and for greater uptake of nutrients (Bish
et al., 1997b) and the highest transplant quality (Pérez
de Camacaro et al., 2005).
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In this experiment, three medium types in trays were
examined for plug growth and rooting performance. The
main effects of substrate were not significant on number
of leaves per plug transplant, crown FW and DW.
Results also indicated that M1 was better than M3 in
leaf petiole length, leaf FW and DW, and crown
diameter. Root DW was not significantly affected by the
three medium types, but root length, root FW and
volume were higher in transplant grown on M1 and M2
than M3. However, M3 medium is suitable substrate
mixture, in varying degree, depending in some cases on
the strawberry genotype. In this respect, our results
showed that, for cv. 'Festival’, larger leaf number per
transplant was obtained in M3 medium, while for cv.
‘Tudla’, best leaf number was obtained on ML
Similarly, the highest crown diameter and crown DW
were obtained on M1 for cv. 'Tudla' or M2 for cv. 'sweet
Charlie'.

Results also showed that root FW was highest in cv.
'‘Sweet Charlie' on M2. These differences in plug
transplant growth characters in response to different
cultivars and medium types are in agreement with the
results of Bartczak et al. (2007). Taking in consider-
ation that all plug transplant from all treatments (geno-
type x ramet size x medium types) were produced in the
same cell size in the trays, the physico-chemical
characteristics of substrate type may govern the final
quality of plug transplant (Bish et al., 1997a). In this
respect, and in agreement with our results, several
authors reported the suitability of using peat +
vermiculite + perlite to obtain good quality plug trans-
plants (Mohamed, 2000; Paranjpe et al., 2004; Ahmed,
2015). Peat moss or coco fibers were also the major
components in most substrates used for strawberry plug
plant production (Lennartsson, 1997; Bartczak et al.,
2007; Treder et al., 2014; Treder et al., 2015).

The use of rice hulls or rice straw as substrate in
strawberry plug production was not previously tested,
neither alone or in combination with other substrate.
However, growth and yield of strawberry were tested on
rice hull + peat + perlite and it was shown that the bulk
density and water holding capacity increased in this
substrate mix as a result of decomposition of rice hulls.
This substrate had high contents of easily absorbable P,
K, Ca and Mg. It was also reported by Park et al. (2016)
that strawberry plant growth on rice hull substrate had
good growth characters and the lowest anthracnose
crown rot disease index and had low N level, but high
silicon content.

The use of sawdust, in combination with coco peat
and rice hulls (M2) resulted in similar transplant growth
patterns to M1 for leaf petiole length, Leaf FW and DW
and crown diameter, root length, root FW and root
volume. Plug transplant in M2 medium also had more
N, Ca and Mn, but less chlorophyll and carotenoid in
their leaves than M1 and M3. For these reasons, the use
of medium amended with sawdust for strawberry plug
transplant production could be advantageous over M1
medium due to its lower cost and availability.

Medium with rice hull and rice straw (M3) was also
similar to, and not significantly different from M1 on
transplant quality (number of leaves, crown FW and
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DW) besides having the highest contents of photosyn-
thetic pigments. Leaves of transplant grown on M3 had
also more N, Mg, Mn and Zn than in leaves of plug
plants derived from M1 medium. Rice straw is also the
most available and cheaper material that could be used
as substrate for transplant production in trays (Abdel-
Sattar, 2004, 2005; Abdet-Sattar et al., 2008). Since
both M2 and M3 media had produce plug transplants
with similar or better quality to those grown on M1
medium which contains vermiculite, perlite and coco
peat, growers of strawberry plug transplants in Egypt
may use this substrate in their plug plant production
system.

The difference among the three strawberry cultivars
'Festival’, 'Tudla' and 'Sweet Charlie' were studied for
plug transplant growth and quality. Results of the main
effects of genotype tested over the three ramet sizes and
media indicated little differences, or no significant
effects on number of leaves, leaf FW and DW, crown
and root DW. However, plug transplants of cv. 'Sweet
Charlie' and Tudla' recorded higher root FW and root
volume than the cv. 'Festival'. The cv. Tudla' had also
higher contents of N, K and Cu, as well as higher
chlorophyll and carotenoid contents than 'Sweet Charlie'
and 'Festival'. Perhaps the increased N and K and
photosynthetic pigment contents in cv. 'Tudla' could
have positive impact on its increase transplant root FW
and root volume. In line with this, Bartczak et al. (2007)
also reported different plug transplant quality among
different strawberry cultivars. Shoot and crown growth
characters of plug plants were not significantly different
among the three tested genotype, which was expected
since it is difficult to differentiate plants in the

early stage of development in plug trays, and the
major differences among strawberry cultivars usually
appear during field growth, due to the differences in
their genetic background.
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