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ABSTRACT

This study was conducted during 1999/2000 and 2000/2001 seasons to
produce some new strawberry hybrids from the specific hybridization between the two
octaploid species Fragaria chiloensis and Fragaria virginiana. Twelve new released
strawberry hybrids and their parents were evaluated according to plant growth, hybrid
yield performance and fruit physical characteristics and their heterosis. Results
showed that significant increment in number of leaves/plant was obtained from all
hybrids. M oreover, most of t he hybrids s howed positive h eterosis e xcept A4 which
had no heterosis for this trait. A1 and B12 hybrids had the highest crown diameter
compared with all tested hybrids in the two seasons and all the hybrids showed
negative heterosis except B12 in the two tested seasons and A1 in the first season.
Concering earliness,B6 recorded the least number of days for flowering followed by
A1, A3, A4, BS, B9 and P2. All the hybrids exhibited positive heterosis for earliness
trait except B6 which had heterotic effect over the best parent in the second seasons.
B9 and B12 hybrids recorded the highest early yield as compared with all tested
hybrids in the two tested seasons. Also B9 and B12 had the positive significant
heterosis over the best parent in both experimental seasons. While the rest of hybrids
had negative heterosis. B9 and B12 hybrids gave the highest total yield in both
seasons in addition to BS in the second year only. On the other hand, B9 had the
highest positive heterosis followed by B12 and B5. B6 hybrid exhibited the highest
average fruit weight as compared with all hybrids in the two tested seasons. All the
hybrids showed negative heterosis for average fruit weight except the hybrid B6 which
had a positive heterosis in both tested seasons. A2 and BS hybrids gave the highest
values of fruit firmness. All hybrids exhibited negative heterosis for fruit firmness in the
two seasons except for the hybrid A2 which showed no heterosis for this trait in the

first season.
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INTRODUCTION

Yield performance and physical characteristics of strawberry fruits are
very important for local and export markets. Dradi et a/. (1997) mentioned
that fruit yield was correlated positively with the number of leaves per plant
during October. Matsuda et al. (1988) found that F1 hybrids were
intermediate between their parents and no heterotic effect was noticed in
number of leaves/plant in all F1 hybrids. The rest of the hybrids had positive
heterosis over the best parent. Ragab et al. (2000) found significant
differences among some strawberry cultivars in terms of plant height. They
mentioned also that there were significant differences in early and total yield
and fruit weight. Govorova (1993) and Simpson et al. (1993) pointed out that
the obtained strawberry hybrids were differed in their flowering date.
Chandler et al. (1997) and Ragab et al. (2000) pointed out that there were
significant differences among strawberry cultivars in their early yield. Human
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and Low (1993) indicated that genetic variance between crosses was largely
attributable to main effects of male and female parents in all traits except
berry number and total yield. Galletta et al. (1996), Turemis et al. (1997) and
Coman et al. (2000) found significant differences among strawberry cultivars
and in total yield. Lal et al. (1984) showed that some strawberry hybrids gave
positive heterosis over the better parent in fruit yield. Hancock and Bringhurst
(1988) concluded that F. virginiana has a strong negative impact on fruit size
and large-fruited F1 hybrids can indeed be recovered in F. virginiana x F.
ananassa crosses. Hancock ef al. (2001) reported that F. chiloensis has been
utilized much than F. virginiana in breeding program, also, they began to
reconstruct F. ananassa by selecting a small group of native F. chiloensis
and F. virginiana clones. Which were known to carry horticultural important
traits and made the hybridization between them. They found that some of the
interspecific hybrids had fruit that were larger than would be predicated from
the size of their parents. Shaw (1987) suggested that a unique pattern of
inheritance fruit firmness trait in the current breeding programs. Moore (2001)
studied fruit firmness of 19 clones, it was found that strawberry clones
differed in firmness in both years. The common shapes of strawberry
varieties are classified by Darrow (1966) to eight shapes, viz., obiate, global,
globe-conic, conic, long conic, necked long conic, long wedge and short
wedge. He also added that the shape may be affected by the cold growing
conditions. Ahokas (1993) noted that the berries of F. chiloensis and F.
virginiana were varied according to shape, size and color. As respect to
F.chiloensis, he observed that the variation in color of flesh ranged from
yellowish to dark red, flesh was floury and flattened berries (broad and short),
whereas, Fragaria virginiana fruit had scarlet-red, interior berry fiesh red and
flesh was firm. Foley and Hennerty (1993) reported that only five lines had
the same fruit shapes, while, the rest had different s hapes r elative to their
original cultivar. Therefore the aim of this study was to investigate hybrid
yield performance and fruit physical characteristics and their heterosis.

MATERIALS AND METHODS

This study was carried out at The Experimental Station of Strawberry
and Non-Traditional Crops Center, Faculty of Agriculture, Ain Shams
University at Nubaria during the period from 1999 to 2002. in a former paper
(Esmail et al., 2003), we studied on seed germination, transplant production
and its heterosis and achene morphology of the twelve new obtained
strawberry hybrids with their parents. In this paper we present studies
conducted on yield, fruit characteristics and yield heterosis of the released
hybrids. A randomized complete block design, with three replicates, was
used. Each replicate contained the 12 hybrids and their two parents. The
plants were arranged in four row beds with 120-cm width, 10m long and
50-cm height, at plant distances of 25 cm apart. The beds were covered with
a 40-micron clear plastic as a mulching, one-month after planting, the plants
were covered with 80-micron plastic tunnels (70-cm height) on November 1.
Sprinkler irrigation was taken place in the first month after planting, then the
drip irrigation was used under muiching until the end of the season. The soil
texture of the experimental site was sandy with pH of 7.8 and EC of 0.86. The
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agricultural practices concerning cultivation, fertilization, irrigation, and pest-
and disease control were conducted as recommended. The following data
were recorded:

1. Vegetative growth characters:

Random samples of 10 plants from each experimental plot was chosen
at the anthesis period for expressing the average number of leaves per plant,
plant height, which-was recorded from tne surface of the soil to the highest
leaf and crown diameter which was determined by the vernier caliber.

2. Earliness of flowering:
It was determined for all genotypes as number of days from the
planting date to the onset of the emergence of first flower.

3. Yield components:
3.1. Early yield:

Early vield produced in December - January - was collected from each
experimental plot and calculated.
3.2. Total yield:

All harvested fruits at the % color stage collected from each plot all
over the season were weighed and average total vield per feddan was
calculated.

4. Physical characteristics of fruits:
4.1 Average fruit weight/plant:

All harvested fruits from each plant of each genotype were weighed
and average fruit weight was calculated.
4.2 Fruit shape:

Ten fruits from each plot at full ripe stage were taken to indicate fruit
shape as reportec by Darrow {1966).

4.3 Fruit firmness:

Fruit firmness was determined in fwenty fruits at % color stage using a
Chatillon pentameter firmness. Each fruit was tested at blossom, top end and
shoulder, then the average fruit firmness was calculated as gm/cm2.

5. Heterosis:

Heterosis was computed according to the following equations reported

by Singh and Singh {1994). o
Fi-BP

The best —parents heterosis % = T %100

Where: F1 and B.P represent me‘ghpperformance of hybrid and best-
parents. To test the significance of differences between the F1 means and
their best-parents values, the T-test was applied. The standard error was
calculated according to the formula:

SE=(EMS/r + EMS/2r)1/2

Where: EMS is the mean squares due to error from the analysis of

variance and r is number of replications.

6. Statistical analysis:

Analysis of data was done by IBM computer, M-state program for
statistical analysis .The differences among means for all traits were tested for
significance according to Waller and Duncan (1969).
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- RESULTS AND DISCUSSION

1. Vegetative growth characters:
1.1. Number of leaves/ plant:

Resulls in Table (1) show that most of the hybrids had significantly
higher number of leaves than their parents, A1, A3, B9, B10 and B11 had the
highest values in the two tested years. Differences among strawberry
genotypes in number of leaves were reported by Ragab et al. (2000). In this
connection, the highest values of leaf number were correlated positively with
fruit vield as mentioned by Dradi et al. (1997). in respect to heterosis, AZ, A4,
B8 and B12 had no heterosis for leaf number in the first season. These
results are in agreement with Matsuda et al. (1988). The rest of hybrids had
positive heterosis over the best parent.

1.2. Plant height:

Results in Table (1) clearly indicate that the highest average of plant
height was obtained from A3 hybrid. On the other hand P1 and B7 had the
lowest values in the two tested years. In this connection, Ragab et a/. (2000)
found significant differences among strawberry cultivars in terms of plant
height. Regarding to heterosis of plant height, resuits in Table (2) showed
that A2, B7, and B12 had negative heterosis in the two seasons while A4 and
B8 hybrids had negative heterosis, only, in the second year.

Tahle (1): Averages number of leaves, plant height and crown diameter
of two strawberry species and their 12 selected F hybrids.

Genotypes Number of leaves Plant height {cm) Crown diameter (cm)
99/2000  2000/2001 99/20001  2000/2001 99/2000  2000/2001
P1 833 be .00 d 10529 10168 12572 1221 bc
P2 767 ¢ 633 e 1290 cde  12.37 bed 1.016e 1.0041
At 10.35a 10.67 ab 14170 13.18 be 1.167 abe 1.316a
A2 8.33 be 10.63 ab 12.33 def 11.27cde  1.127bcd 1160 cde
A3 933 ab 1000 abe 16.03a 1583a 1179abc  1.191 bede
A4 8.33 be 8.00d 13.90 be 10.68 de 1.187 abe 1.202 be
8BS 9.33 ab 9.33 ¢ 1317 bed  1357abc  1.099cde  1.098 cdef
B6 867abc  10.00 abc 11.50 fg 12.57bcde 1.067 de 1.036 1
B7 9.67 ab 9.67 be 1043 g f1.16cde  1.190 abe 1.071 def
88 833bc 933 ¢ 11.67 efg 12.87bcd  1.146 bed 1.164 cde
89 933 ab 10 33 abe 12.83 cde 13 51 abe 1.070 de 1.068 ef
B10 10372 11.00 2 12.33 def 13.13 bed 1.196 ab 1190 bed
811 10352 11.00 2 13.67 be 13.77 ab 1.198 ab 1.195 be
812 8.33 be 9.33 ¢ 12.00 def _ 12.53 bede 1258 a 1.290a

alues in same column toliowed by the same letter\S) o not anter stgmllcanﬂy from

each other according to Duncan's multiple range test5 % .
P1= Fragaria chiloensis P2 = Fragaria virginiana A = F, virginiana x F. chiloensis
B = F. chiloensis x F. virginiana

1.3. Crown diameter:

Results in Table (1) show that P1, A1 and B12 genotypes had the
highest values as compared with the rest of genotypes in the two
experimental years. In this respect, Ragab et al. (2000) mentioned that the
crown diameter is considered one of the very important factor affect
earliness, total yield and strawberry fruit quality. As for heterosis of crown
diameter, B 12 s howed p ositive h eterosis in the two tested years while the
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rest g enotypes e xhibited n egative heterosis values in the two tested years
except A1 which had negative heterosis only in the first season (Table 2).

Table (2): Heterosis for number o fleaves, plant height a ndcrown
diameter of two strawberry species and their 12 selected F,

hybrids.
Hybrids Number of leaves Piant height {(cm) Crown diameter (cm)
Y 99/2000 2000/2001 99/20001  2000/2001 99/2000 2000/2001

Al 24.25 3337 9.84 353 -557 7.78
A2 0 32.87 -4.42 -11.47 -10.34 -4.99
A3 12.00 25.00 24.26 2435 -6.20 246
A4 0 0 7.75 -16.10 -5.57 -1.55
B5 12.00 16.25 2.09 659 -1257 -10.07
BB 408 25.00 10.85 -1.25 -15.11 -15.15
B7 16.08 20.87 -19.15 -12.33 -5.33 -12.28
B8 0 16.62 -9.53 1.09 -8.83 -4.67
B9 12.00 29.12 -0.54 613 -14.87 -12.53
B10 24.49 37.50 -4.40 3.14 -4.85 -2.54
B11 24.25 37.50 597 8.17 489 213
B12 0 18.25 -6.97 -1.57 0.08 5865
A= F.virginiana x F. chiloensis B =F. chiloensis x F. virginiana

2. Earliness of flowering:

It appears from data presented in Table (3) that the lowest number of
days to first flower was significantly recorded for B6 hybrid with non
significant difference between it and P2 in the two tested seasons foilowed by
A1, A3, A4, B5 and B9. In general all tested hybrids flowered earlier than the
delayed parent (P1) with a significant difference. On the contrary, P2 was
evidently a good parent for earliness and earlier than P1, These findings were
supported by the work of Govorova {1993) and Simpson et al. (1993). As for
heterosis, results in Table {4) showed that all hybrids exhibited positive
heterosis in the two seasons except B8 in the second season, and the
highest value of heterosis was recorded for B7, B10 and B11 over the best
parent in the two seasons. These results coincide with those obtained by
Human and Low (1993) who recorded hybrid vigor for earliness.

3. Yield components:
3.1. Early yield:

Results presented in Table (3) clearly show genotypic differences in
early yield per plant. BS and B12 hybrids produced the highest early yield as
compared with all tested genotypes in the two tested seasons in addition to
B5 hybrid in the second season. Similar results were obtained by Chandler et
al. (1997) and Ragab et al. (2000) who reported that strawberry cultivars and
hybrids had variabie early yield.

As for heterosis, results in Table (4) indicate that only B9 and B12
hybrids had positive heterosis in the first season while, all hybrids showed
negative heterosis for early yield except B12 hybrid in the second season.

3.2. Total yield:

Results in Table (3) showed that significant increment in total yields
were recorded to B5, B9, and B12 hybrids than the parents in the two tested
seasons. These findings are in harmony with those of Galletta et al. {(1996),
Turemis et al. (1897) and Coman et al. (2000), who found significant
differences among strawberry genotypes in total yield. As for heterosis,
results in Table (4) clearly indicate that all tested hybrids exhibited negative
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heterosis for total yield except B5, B9 and B12 hybrids. Such results coincide
with those of Human and Low {1993). Moreover, B9 hybrid had the highest
value of heterosis in the two tested seasons. These results agree with Lal et
al. (1984).

Table (3): Earliness, early yield and total yield of two strawberry
species and their selected F, hybrids.

Hybrids Earliness {days) Early yield/plant (g)  Total yield/plant [g) Total yieidifed. {ton)
99/2000 2000/2001 99/2000 2000/2001 99/2000 2000/2001 99/2000 2000/2001

P i85 Gha 153.54a 18.13ce 19 26bcd 51.911g 59.32elg 2.10fg 2 37eig
P2 7887 74 984 22.54bc 22 87ab 124 50¢ 129 114 4 98¢ 5 16bC
Al 8333n 86 20cd 9 83gh 10 82gh 59.68f 60.85etg 2.39f 2 43efg
A2 85 671 94 25¢cd 18.51ae 18 00cde 93 07de 92 15ce 372de 3.69de
A3 92.669 90 22cd 7.43n 7.08h 34 45gh 33.25g 1.40gh 1.29g

A3 93.33eg 91.16cd 15.03f 15.22efg 111.60cd 116 23ed 4 46cd 4.65¢cd
85 92.67g 94.36¢cd 20.66cd 21.19abc 156.80b 159.57ab 6.27b 6.38ab
5 77.3% 74 81d 11.53¢g 11.20gh 91.29e 80.82de 3.65e 3.63de
BS 111.30cd 108.60bc 17.45ef 16.23ef 69531 70.21ef 2.791 2.81ef
Be 108.00d 103.98bcd 18.25de 17.57df 118.40¢c 120.36cd 4 66¢ 4.81cd
B9 90.33g 86.51cd 23.92ab 22.37abc 189.80a 192.11a 7.58a 7.68a

B10 123.000 124.36a0 11.20 11.84fg 40.17gh 38.20fg 1.61gh 1.57fg
811 111.70¢ 114.68bc 4751 5.861 29.52h 30,169 1.18n 1.219

B12 103.00e 100.62bcd 26.89a 25.11a 183.90a 186.01a 7.36a 7443

Values in the same column by the same letter{s) do not differ significantly from each other
according to Duncan’s multiple range test 5%.

P1= Fragaria chiloensis P2 = Fragaria virginiana A = F virginiana x F. Chiloensis
B = F. chiloensis x F. virginiana

Table (4): Heterosis of earliness of flowering, early yield and total yield
of selected 12 F, strawberry hybrids.

Hybrids Earliness Early yield Total yield
99/2000 2000/2001 99/2000 2000/2001 99/2000 2000/2001
Al 592 14.96 -56.39 -52.69 -52.06 -52.87
AZ 22.88 25.70 -17.43 -21.29 -25.24 -28.63
A3 17.78 20.32 -67.03 -68.99 -65.10 74.24
A4 1863 2158 -33.32 -33 45 -10.36 -9.97
B85 17.78 25.84 -8.34 -7.34 25.94 23.59
B6 170 0.22 -48 84 -51.03 -26.67 -29.65
87 41.47 46.17 -22.58 -29.03 -43.83 -45.62
B8 37.28 38.67 -19 03 2317 -6.51 6.78
89 14.82 15.38 6.12 218 52.45 48.79
B10 56.35 65.86 -50.31 -48.23 67.73 -69.64
811 41.99 52.98 -78.92 7437 -76.29 -76.64
812 3093 34.19 19.29 9.79 47.71 44.07
A= F. virginiana x F. chiloensis B = F. chiloensis x F. virginiana

4. Physical characteristics of fruits:
4.1 Average fruit weight:

it is evident from Table (5) that B6 hybrid exhibited the highest average
fruit weight as compared with all tested genotypes. Results are in harmony
with those of Hancock and Bringhurst {1988), and Hancock et al. (2001).
They reported that the F.chiloensis is a good parent for fruit size. On the
other hand, P2 and B11thad the lowest fruit weights in the two tested years.

Concerning heterosis, data recorded in Table (6) showed that all
hybrids exhibited negative heterosis for average fruit weight except the hybrid
BB which had positive heterosis. Such resuits did not agree with those of
Hancock and Bringhurst (1988) and Hancock et a/. (2001). T hese contrary
results may be due to the different parents used in each study. The low total
yield for the obtained hybrids may be due to the genetic constituents for the
used parents with their very small fruit size as a wild.

5594



J. Agric. Sci. Mansoura Univ., 28(7), July, 2003

Table (5): Fruit weight and fruit firmness of two strawberry species and
their F1 hybrids. ’

Gonotynes Fruit weight (g) Fryit firmness (g/icm’ )
otyp 99/2000 2000/2001 99/2000 2000/2001
57 5637b 63250 1866 a 19232
P2 1633 g 2109 10891 10851
Al 3.503 cd 3.921 cd 168.7 abe 1712 cde
A2 33234 34194 . 1869a 184 6 ab
A3 3.060 def 35624 150 5 de 1583 7 (g
Ad 3.283 de 37194 158.7 cde 160 3 ef
BS 27371 25646 1408 13¢ 5 n
B6 7383a 8359a 172 8 abc 175 2 sed
87 5473b 5874 bc 178.8 abc 177.6 acd
88 3.113 del 4.254 cd 164 2 bed 166.3 de
89 3.883 ¢ 3.426 ¢ 180.5 ab 1829 abc
B10 2790 2758 d 175.3 abe 177.3 bed
811 1.763 g 2301 d 1730 abe 173.8 oed
B12 2.803 ef 3.216¢ 1453 e 148.6 gh

Values in the same column by the same letter(s) do not differ significantly from each
other according to Duncan s multiple range test 5%.
P1= Fragaria chiloensis P2 = Fragaria virginiana
A = F. virginiana x F. chiloensis B = F. chiloensis x F. virginiana
Table (6): Heterosis of physical characteristics of fruit for selected 12
F1 strawberry hybrids.

Hybrids Fruit weight Fruit Firmness
99/2000 2000/2001 99/2000 2000/2001
Al 37.75 -38.01 9.74 -10.97
A2 -40.94 -45.49 Qo -4.00
A3 43.84 43.68 -19.47 -20.07
Ad -41.65 -41.50 -15.09 -16.38
B5 -51.36 -59.46 -24.66 -27.46
B6 31.21 48.55 -7.54 -8.89
B7 2.7 2743 4.33 -7.64
B8 -44.68 -32.74 -12.14 -13.52
B9 -30.99 -45.83 -3.42 -4.89
B10 -50.42 -56.40 $.21 -7.80
811 -£68.67 £3.62 -7.44 -9.62
812 -50.19 -49.15 -22.26 -22.72
A = F.virginiana x F. chiloensis B = F. chiloensis x F. virginiana

4.2. Fruit firmness:

Results in Table (5) indicate that none of the obtained hybrids showed firmer
fruits compared with the best parent for this trait in the two tested years. Shaw (1987)
and Moore (2001) found differences among strawberry hybrids in fruit firmness. In
respect to heterosis for fruit firmness, results in (Table 6) clearly indicate that oniy A2
had no heterosis for fruit firmness in the first season while all hybrids exhibited
negative heterosis in the two tested seasons.

4.3 Fruit shape:

Results in Fig. (1) illustrated that fruit shape of F.chiloensis (P1) was a globe
conical with white internal color and external yellowish to dark with somewhat large
size while F. virginiana fruits had conical shape with internal dark red flesh colored
and external light red. It is clear from Fig. (1) that A1, A3, B6, B9 and B11 hybrids
were similar to their parent P1 in white colored flesh and somewhat in large size.
However, B6 exhibited clearly necked shape and slightly necked in B9. This shape did
not found in both of two parents. ln the meantime, most of selected hybrids had a
shape ranged between globe conic and oblate shapes. In addition, the flesh colored
was from slightly red (A2, B11) to dark red (A4, B7, B10, B12).0ur resuits are in
agreement with those obtained by Darrow (1966), Ahokas (1993) and Foley and
Hennerty (1993).
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Fig. (1): Photographs of strawberry fruit shapes of 12 selected F,

hybrids and their two parents.
P1= Fragaria chiloensis P2 = Fragana virginiana
A = F. virginiana x F. chiloensis B = F. chiloensis x F. virginiana
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