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Abstract: This work was carried out in the two successive summer seasons of 2007/2008 and 2008/2009 on
strawberry cv. Sweet Charlie at south Tahrir district, newly reclaimed sandy soils at the Experimental Station
Farm, Horticultural Research Station, Behiera Governorate, to study the influence of phosphorus (0, 60, 80, 100
Kg P,0./fed.) and zinc (0, 5, 15, 25 Kg Zn/fed.) on vegetative growth, vield and fiuit quality of strawberry
plants. The results ndicated that, vegetative growth characters ( number of leaves, number of runners, number
of secondary crowns, leaf area, foliage fresh mass and dry mass/ plant) and flowering traits (number of flower
clusters / plant and earliness) were sigmficantly increased with the high rates of P and Zn, in both growing
seasons. Harly yield, marketable yield, total yield and yield/plant, generally seemed to be mncreased with the lngh
rates of P and Zn, 1 both growing seasons. On the other hand, culls (non-marketable yield) extubited significant
decrease due to the high rates of P and Zn. The highest mean values of average fruit weight, fruit length, frunt
diameter, fruit juice content, TSS and vitamin C% were figured out for plants supplied with P and Zn at the
highest levels, in both growing seasons. On the other hand, the lowest mean values of fruit moisture content
and titratable acidity were traced for plants that fertilized with the high rates of P and Zn. Results revealed the
antagonistic effects between P and Zn on leaf contents of P and Zn, particularly, with the high rates of P and
Zn. The interaction between P and Zn reflected positive effects on all studied quantitative and qualitative

characters of strawberry plants.
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INTRODUCTION

Strawberry (Fragaria x ananassa Dush) is a
perennial cool season crop, which is popular as a fresh
fruit. Tn Egypt, it occupies an important position among
the untraditional vegetable crops due to its multifarious
use as local fresh consumption, food processing and
exportation [1]. Strawbernies are an ideal model for nutnent
mteraction studies in perenmal crops. First, they are
relatively precocious, producing their first crop with
months of planting. Second, the plants are small, so that
many plots can be established within umiform soils. Third,
they can be easily excavated and divided into vegetative
and reproductive components, allowing for detailed
evolution of observed growth or yield responses. Forth,
when compared to other perennial fruit crops, cropping
history has little influence on flower bud initiation and
fruiting [2]. The nutrition status of strawberry plant plays
a fundamental importance in determimng growth, yield
and quality, since it 1s a very sensitive plant to nutritional

balance. This might be due to its shallow root system and
high productivity in relation to plant size, beside it is a
perennial crop with a long season. Optimal fertilization is
conductive to obtaining high yield of good quality and
high biological value [3]. Mineral fertilization as well as
cultivar, weather conditions, agronomic practices and
water supply affected directly the quality of strawberry
fruit [4]. Phosphorus 1s essential for the general health
and vigor of all plants. Some specific growth factors that
have been associated with phosphorus nutrition are:
stimulated root development, mcreased stalk and stem
strength, improved flower formation and seed production,
more uniform and earlier crop maturity, increased nitrogen
N-fixing capacity of legumes, improved crop quality and
increased resistance to plant diseases [5]. Tn this respect,
Geoffrey and Pritts [2] found that, applied P nutrient had
significant effects on yield components of strawberry
plants. A balanced fertilization program with macro and
micro-nutrients i plant nutrition 1s very important mn the
production of high yield with high quality products [6].
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Zinc has also shown to have an important role in
photosynthesis  and related enzymes, resulting in
mcreasing sugar and decreasing acidity [7]. Among
nutrient elements, zinc and boron have important role
on pollmation, fruit set and total yield [8]. Zimnc induces
pollen tube growth resulted from its role on tryptophan
synthesis as an auxm precursor biosynthesis [9].
Moreover, Dixi and Gamdagin [10] claimed that a foliar
spray application of ZnSO, on March and April increased
size, T.S.S. and juice of oranges. On the other hand, zinc
as a Zn3Q, source had positive effect on leaf area, length
and diameter of peticle, fresh and dry shoot ratio, yield,
total soluble solid, acidity and vitamin C of strawberry
plants [11]. Continuous use of phosphoric fertilizers and
mtensive cultivation of high yield crop varieties have
resulted in widespread deficiency of Zn and decrease in
the growth of many field crops on most soil types. This
may be due to mteraction between Zn and P and, also,
due to the vanability of other growth factors, 1e., pH,
moisture, zinc and phosphorus sources, organic matter,
temperature, soil salinity, ete. [12, 13].

The objective of this research was to study the
effects of P, Zn and their interactions on vegetative
growth, yield and fruit quality of Sweet Charlie strawberry
cultivar.

MATERIALS AND METHODS

A field expeniment was carried out during the
two summer seasons of 2007/2008 and 2008/2009 at
South Tahrir, newly reclaimed sandy soils, under a drip
irrigation  system at the Experimental Station Farm,
Heoerticultural Research  Station, Behiera Governorate,
Egypt.

Preceding the imtiation of each experiment, soil
samples at 25 cm depth were collected from each
experimental site and analyzed, according to Black [14].
The results of the analyses are given in Table (1)

Frigo transplants of strawberry Sweet Charlie
cultivar were obtained from local nurseries under the
Institute,
Agricultural Research Center. Transplants were treated
with fungicides (1ml/1 Brificour N + 1 g/1 Ridomil gold
cupper) for 30 minutes. The transplanting took place in

supervision of Horticulture  Research

row 0.75 m apart in the two sides of the row at 0.25 m inter
TOW Spacing.

The experimental layout was a split-plot system 1n a
randomized complete blocks design with four replications.
Phosphorus fertilizer levels were arranged as the main
plots and the Zn rates were considered as the sub-plot.
Each sub-plot was two rows of 825 m long and 1.4 m
width (2 rows), having an area of 11.55 square meters.
Planting dates were carried out on September 15 and 20 in
the two seasons of 2007/2008 and 2008/2009, respectively.
Each experiment contained 16 treatments representing the
combinations of four phosphorous levels (0, 60, 80 and
100 kg P,0./fed.) and four zine levels (0, 5, 15 and 25 kg
Zn/fed.). The respective P source was phosphoric acid
(80% P,0;). Zinc sulphate was the respective Zn source.
Both P and Zn were added through the drip wrigation
system (fertigation, during the growmng season).
Phosphorus was added three times per week. However
zine were applied through drip wrigation system one times
per week at rate of 0, 5, 15 and 25 kg Zn /fed.

Calcium super phosphate (15.5% P,Q.) at the rate of
46.5 Kg P,O. /fed. and potassium sulphate (48% K,O) at
the rate of 72 Kg K,O /fed were applied once during soil
preparation. During the entire growing season, nitrogen
and potassium fertilizers were also added through the drip
wrrigation system four times per week, at the rates of 200
Kg N/ fed., in the form of ammomum nitrate (20.5% N)
and 120 Kg K,O /fed. as soluble potassium sulphate
{(48% K,0).

Harvesting started on the 25" of March and extended
to the 29® of May in the first season; whereas, in the
second season, it started on 35 %of March and extended

to the 21 ®of May.

The other agricultural practices were applied
according to the Ministry of  Agricultural
recommendations.

Data Recorded

Vegetative Growth Characters: Ten randomly selected
plants were taken from each sub-plot at blooming
stage. The following vegetative characters were measured:
number of crowns, number of rumners, number of leaves,
leaf area (cm™), foliage fresh mass (g) and foliage dry mass

/ plant (g).

Table 1: Some physical and chemical properties of the experimental soil during 2008 and 2009 seasons

Available Nutrients (ppm)

Properties Sand%  Silt%o Clay%  Texture OM.%  CaCO, pH N P K Fe Zn Mn
2008 94.5 38 2.9 Sandy 0.06 1.13 79 0.05 3.79 9.75 312 1.7 14
2009 93.7 35 2.8 Sandy 0.05 1.15 81 0.04 3.85 10.14 3.10 1.5 1.7
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Flowering Traits: Ten randomly chosen plants, from each
sub-plot, were labeled to record the earliness of flowering
as the number of days from transplanting till flowering of
25% of the plants and to count the number of flower
clusters / plant.

Yield and its Components: Early yield (ton/ fed.) was
calculated as fresh weight of harvested fruits from the first
four pickings.

Total yield (ton/fed) was calculated as the fresh
welght of all harvested fruits all over the growing season.
Tt included marketable and non marketable fruit yield
(included spitted, malformed, green shouldered, water
damaged and rotted fruits). Fruit yield/plant (g/ plant);
weight of all fruits harvested all over the season/ plant (g).

Fruit Quality Characteristics: Random samples of ten
fresh fruits were taken from each sub-plot at the peak of
harvesting period to determine average fruit weight (g),
fruit length (e¢cm) and fruit diameter (¢m). Moisture and
juice contents of fruits were determined according to
AQAC [15]

Chemical Contents: Random samples of ten fresh
fruits were taken from each sub-plot at the peak of
harvesting period to determine total soluble solids
(TSS8%) by refractometer. Vitamin C (ascorbic acid)
content was determined using 2.6-dichlorophenol
indophenol as indicator for titration as outlined in
AOAC [15] Total scluble sugars of each sample
were extracted m a 0.3 gm ground dried material by
distilled water and then determined by the Nelsson
arsenate — molybdate colorimetric method[16]. Total
titratable acidity percentage as g of citric acid/1 00 g fruits

extract was determined according to AO.AC. [15]

Phosphorous and zine contents in leaves were determined
in the youngest expanded mature 6" leaf from the plant
top before the first picking. Phosphorus was
calonmetrically according to the method described by
Bould [17] and Zn was measured as outlined i Jackson
[18] by Atomic Absorption techmque [19].

Statistical analysis: Data were statistically analyzed
according to Co-stat Software [20] and the Revised L.3.D
test was used to compare the differences among the
treatments as outlined by Smath [21].

RESULTS AND DISCUSSION

Vegetative Growth Characters: Data presented in
Tables 2 and 3 indicated that, the vegetative growth
characters of strawberry, i.e., number of leaves, number of
runners, munber of secondary crowns, leaf area, foliage
fresh and dry masses / plant were significantly affected by
the phosphorous treatments, in both seasons. Tt was,
also, clear that the application of 100 Kg P,O fed., gave
the highest significant mean values of all the studied
vegetative characters as compared to the unfertilized
control or those of the other application rates (60, 80 Kg
P,O; /fed.). Such a positive effect of phosphorus could be
explamed on the ground that phosphorus plays an
important role in functions of enzymes required for the
vital processes and growth [22, 5].

Data in Table 2 showed that, increasing the
application of zinc fertilizer from O to 5 or 15 and fatherly
to 25 kg Zn/fed. resulted in corresponding and significant
increases in all studied vegetative growth characters, i.e.
number of runners, leaf area and foliage fresh and dry
masses per plant, in both seasons. The exception was in
2007/ 2008 season, where the differences between 15 and

Table 2: Vegetative growth characters of strawberry plants as affected by phosphorus and zine rates during the seasens of 2007/2008 and 2008/2009

2007/2008 season

2008/2009 seascn

Mumber Mumber Numnber

Mumber of  of runners’ of secondary Leaf area Foliage fresh  Foliage dry MNumberof — Mumber of of sec ondary  Leafarea Foliage fresh  Foliage dry
Treatments leaves/plant plant crowns/ plan  (co/ plant)  mass/plant  mass/plant  leaves/plant  runners/plant crowns/plant (o plant)  mass/plant  mass/ plant
Phosphorus (Kg P,0,, fed )
0 28.03 6.62 2.90 420.50 4407 11.80 30,58 6.08 2.52 426.22 41.19 1073
60 31.82 891 3.87 436.03 439.18 13.34 32.96 816 3.26 440.86 46.11 1232
80 34.11 10.40 477 457.23 52.25 14.88 34.93 939 4.19 462.09 4938 13.90
100 37.02 12.01 476 48934 54.13 16.00 36.73 11.16 477 495.23 5118 15.15
E.LED,, 0.29 016 0.09 5.06 0.21 0.26 0.23 0.26 0.16 319 023 025
Zinc Kg Zn/ fed)
0 31.68 899 395 445,66 4386 13.35 33.08 830 338 450.07 4583 1236
5 32.62 9.35 388 447.04 4979 1392 3370 851 349 453.29 4672 1295
15 3330 972 4.17 45278 50.36 14.32 34.10 887 3 45779 47.37 1329
25 3339 989 4.30 457.61 50.62 14.43 34.33 @10 4.16 463.24 47.95 13.4%
R.LED,,; 022 0.23 0.08 297 0.25 01s 018 029 0.14 273 029 014
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Table 3: Vegetative growth characters of strawberry plants as affected by the interaction between phosphorus and zine rates during the seasons of 2007/2008 and 2008/2009

2007/2008 season 2008/2009 season
Mumber Mumber  MNumber Foliage Mumber — Number Number of
of leaves ofrunners/ of secendary Leafarea Foliage fresh  dry mass/ ofleaves/ of runners/ secondary Leaf area Foliage fresh  Foliage dry
Treatments /plant plant crowns/ plant  (cm2 /plant) mass/ plant plant plant plant crowns/ plant  (cm?2 /plant) mass/plant  mass/ plant
Phos-
phorus g Zine Kg
P205fed)  Znffed)
0 o] 2179 6.09 2.89 409.42 4334 11.26 30.86 586 210 41474 4051 10.17
5 27.56 629 243 41731 43 .69 1172 3068 576 228 42468 4050 10.49
15 2840 6.96 315 42829 4462 11.95 30046 6.06 276 433.28 4176 10.87
25 2836 716 312 426.96 4462 12.28 3034 6.66 293 432,18 42.01 11.39
80 0 30.82 854 363 433.81 47.16 12.46 32.34 7.74 274 438,47 43.89 11.44
5 3170 868 3,86 432.93 4972 13.29 32.67 771 3.24 438,34 4641 12.22
15 32.19 214 389 432 86 49 62 1363 33.20 853 315 437.68 4672 1264
25 32.58 929 411 444,52 50.14 13.98 33.62 867 3.90 448,97 47.44 12.99
80 o] 32.95 9.90 4.67 45462 51.39 14.28 3374 9.07 4.04 45879 4844 13.30
5 340 1043 475 456.50 51.80 14.82 350 9.40 417 461.72 4897 13.78
15 34.44 1067 4.80 45776 52.63 15.23 3525 9.56 4.01 463.38 4951 14.29
25 35.05 1061 4.89 460.04 53.19 15.17 3572 9.51 4.54 46447 50.61 14.23
100 0 35.18 1144 461 484,79 53.54 15.38 35.37 10,55 463 488,31 5048 14.56
5 37.20 12.01 448 481.41 53.95 15.84 3643 11.20 428 488,43 5101 15.31
15 3817 12.11 485 492.21 54.49 16.48 37.49 11.33 4.93 496,63 5149 15.38
25 37.57 1249 511 498,54 54.54 16,29 37.65 11.56 526 507,34 5176 15.33
R.LED,,; 043 042 017 721 048 038 038 057 0.2¢ 570 0.56 035

25 kg Zn/fed. for mumber of leaves and rummners as well as
foliage fresh mass/plant were not significant. The
difference between 15 and 25 kg Zn with respect to
mumber of runners/plant, in the second season, was, also,
not significant. The enhancing effect of applied Zn on
plant growth may be attributed to its beneficial effects on
stimulating the meristimic activity for producing more
tissues and organs via its role in activation of cell division
and cell elongation. The obtained results are in general
agreement with those reported by Chaplin and Westwood

[9]: Archbold and Dennis [23]; Treder [3] and
Motesharezade et af. [8].
Concerning the interaction effects between

phosphorus and zine treatment on the studied vegetative
growth characters of strawberry plants, the obtained
results in Table 3 reflected significant differences for all
vegetative growth characters. The application of 100 Kg
P,0. /ffed. combimned with 15 Kg Zn/ fed. can be
considered the best choice as it attained the best results
for most vegetative growth characters, in both seasons.
On the other hand, it was noticed that the combined
treatment including 100 Kg P,0; /fed. plus 25 kg Zn/fed.
gave the highest significant mean value for number of
secondary crowns/plant, in both seasons. Similar results
were obtained by Geoffrey and Pritts [2].

Flowering Traits: The effect of phosphorus rates on
flowering time (earliness) and number of flower
clusters/plant were found sigmficant, in both studied

experiments (Table 4). The addition of phosphorus at the
rate of 100 kg P,O; /fed reflected more earliness and higher
number of clusters than the control. Such a result
indicated that the application of 100 Kg P,0. /fed. is a
better choice for earliness than the other levels of
phosphorus.
Fertilizing strawberry plants with Zn at the
rates of 5, 15 and 25 kg/fed., sigmficantly, resulted in
earlier flowering and a pronounced increase for
number of flower clusters relative to the unfertilized
The  promoting  effects of
flowering traits might be attributed to its stimulating

control. zine on
effects on vegetative growth characters (Table, 2)

and its activation of pollination, fruit set and
production of auxin, which in tum, were positively
reflected on flowering traits [9]. The obtained results
seemed to be m general agreements with those
reported by Geoffrey and Pritts [2]; Sawan ef al. [6] and
Mahnaz et al. [11].

Data in Table 4 showed that, the interaction effects
between phosphorus and zinc rates on earliness of
flowering and number of flower cluster/plant were
significant, in both seasons. The treatment combination
of 100 Kg P,O./ fed. and 25 Kg 7Zn/ fed gave the least
number of days from transplanting to flowering and
recorded the highest number of clusters /plant. The
obtained results seemed to be in general agreements with
those reported by Geoffrey and Pritts [2] Sawan et al. [6]

and Mahnaz et al. [11].
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Table 4: Earliness of flowering and number of flower clusters/ plantas affected by phosphorus and zinc rates during the seasons of 2007/2008 and 2008/2009

2007/2008 season 2008/2009 season
earliness of number of flower earliness of Number of flower
Treatments flowering (days) clusters/ plant flowering (days) clusters/ plant
Phosphorus (Kg P,0;5 fed.)
0 135.29 7.61 136.16 6.93
60 130.34 11.76 131.39 10.91
80 124.43 13.25 125.98 12.30
100 120.30 13.67 121.82 13.04
R.LSDyps 0.37 0.27 0.66 0.24
Zinc (Kg Zn/ fed.)
0 128.34 11.09 129.68 10.31
5 128.00 11.44 128.85 10.61
15 127.33 11.63 128.43 10.78
25 126.69 12.13 128.39 11.47
R.LSDyps 0.29 0.21 0.78 0.18
Phosphorous (Kg P,05 fed)  Zine (Kg Zn/ fed.)
0 0 135.46 717 136.35 6.77
5 135.67 7.43 136.29 6.42
15 135.45 7.48 136.24 6.78
25 134.59 8.37 135.76 7.75
60 0 132.34 11.19 133.27 10.35
5 130.29 11.42 131.49 10.69
15 129.39 11.65 130.48 10.69
25 129.35 12.79 130.31 11.92
80 0 125.16 12.89 126.61 11.83
5 125.20 13.28 126.02 12.30
15 123.97 13.54 125.20 12.48
25 123.40 13.29 126.08 12.58
100 0 120,42 13.10 122.50 12.30
5 120.84 13.66 121.58 13.04
15 120.52 13.85 121.81 13.19
25 119.42 14.09 121.40 13.65
R.L8Dys 0.63 0.45 1.50 0.39

Table 5: Fruit vield and its components of strawberry plants as affected by phosphorus and zinc rates during the seasons of 2007/2008 and 2008/2009
2007/2008 season 2008/2009 season

Farly yield Marketable Culls Total yield Yield/ Farly yield  Marketable Culls Total yield  Yield/

Treatments (ton/ fed.) yield (tor/ fed.) (ton/ fed.) (ton/fed) plant{g) (ton/fed.) yield (tor/ fed.) (ton/fed) (ton/fed.) plant (g)
Phosphorus

(Kg P,0s/ fed)

0 1.41 18.07 0.454 1850 462.56 1.45 18.30 0.479 18.78 470.37
60 1.65 20.12 0.348 2047 511.84 1.68 19.16 0.378 19.55 488.79
80 1.81 21.64 0.218 21.82 545.69 1.84 20.61 0.248 20.83 520.66
100 1.77 21.67 0.178 21.85 546.23 1.87 20.84 0.208 20.96 523.43
R.LSDyps 0.04 0.18 0.013 0.21 5.29 0.04 0.13 0.013 0.07 3.31
Zinc (Kg Zn/ fed.)

0 1.64 20.04 0317 20.36 509.14 1.67 19.43 0.346 19.78 494,53
5 1.65 20.19 0.300 20,49 512.33 1.70 19.62 0.330 19.95 497.85
15 1.66 20.57 0.295 20.81 520.30 1.72 19.87 0.323 20.14 504.80
25 1.70 20.70 0.286 20.98 524.54 1.76 20.00 0.314 20.25 506.08
R.LSDyps 0.03 0.09 0.009 0.10 2.66 0.03 0.12 0.009 0.08 3.79
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Table &: Fruit vield and its components as affected by the interaction between phosphorus and zine rates during the seasons of 2007/2008 and 2008/2009

2007/2008 season 2008/2009 season
Early yield  Marketable Cullsyield  Totalyield  Yield/ Early yield Marketable yield  Cullsyield Total yield — Tieldf
Treatments (ten/ fed) yield (ton/ fed.)  (ton/ fed) (ton/ fed)  plant (g)  ¢en/ fed) (on/ fed) (ton/ fed)  ¢onffed)  plant (g)
Phosphotus
(EKgP,0,fed)  Zinc (Kg Znffed)
0 0 1.37 17.70 0178 18.15 453 .89 1.41 18.08 0510 1859 464,66
5 1.38 17.56 0.483 18.02 450.50 142 18.18 0.483 1866 466.59
15 143 18.35 0.453 1872 46835 146 18.37 0.475 1885 474.08
25 1.47 18.67 0.428 19.10 47750 1.51 18.58 0.450 1904 476.14
80 0 1.65 16.55 0.370 1994 498,55 1.68 18.67 0.400 1907 47680
5 1.66 15.90 0.338 20.24 506,24 1.69 18.04 0.368 1930 48261
15 1.62 20.39 0.355 20,75 51872 1.64 15.41 0.385 1979 4%4.90
25 1.69 20.63 0.328 2096 523.83 172 19.65 0.358 2003 500,87
20 0 178 21.37 0.233 2161 540,46 1.80 20.38 0.263 20065 516.37
5 179 21.53 0.225 2176 543 84 1.82 20.53 0.255 2078 519.47
15 1.84 21.81 0.203 21.86 546.63 187 20.84 0.233 20096 52377
25 1.84 21.86 0.213 22.07 551.85 187 20.69 0.243 20093 523.05
100 0 175 21.56 0,183 2174 543 65 178 20.59 0.213 2080 52027
5 177 2176 0,185 21.94 54873 1.85 2094 0.215 2108 52275
15 177 21.73 0.170 21.90 547 53 1.91 20487 0.200 2098 52645
25 1.81 21.63 0175 21.80 544.99 1.54 21.08 0.205 2102 52427
E.LED,, 0.07 0.24 0.02 0.28 102 0.06 0.24 0.02 016 735

Fruit Yield and its Components: Data presented in
Table 5 showed that, early yield, marketable yield,
non- marketable yield (culls), total yield and yield/ plant
were significantly affected by different phosphorus
treatments. The plants were received 100 Kg P,0; /fed.
gave the highest mean values of all studied characters of
vield and its components, in both seasons. The only
favorable exception was non- marketable yield (culls),
where application of 100 Kg P,O; /fed. was statistically
responsible for the reduction of non- marketable yield/fed.
(Culls); It was, also, noticed that the differences between
80 and 100 kg P,0O; /fed. were not found to be significant
i most cases, 10 both seasons. These positive results of
P could be attributed to the potentiality of P- fertilization;
particularly, the medium P level (80 kg P,O. /fed.) to secure
the P requirements, which were resulted m better
vegetative growth and flowering potential (Table 2, 3) and
in term yielding capacity of strawberry. These findings are
m agreement with those reported by Chaplin and
Westwood [9]; Archbold and Dennis [23]; Abedy [7] and
Mahnaz et al. [11].

Respecting the effect of Zn application, data shown
in Table 5 indicated that, addition of Zn at the rates of 15
and 25 kg Znffed., sigmficantly, increased most studied
fruit vield and its components as compared to the
unfertilized control or the lower Zn level (5 kg Zn/fed.), in
both seasons. However, a negative relationship was
detected between culls and Zn fertilization.

According to the results in Table 6, some significant
differences were observed due to the interaction effects
between the different phosphorus and zine treatments on

yield and its components, in both seasons. The addition
of the lughest rate of 100 Kg P,0; /fed., coupled by 25 Kg
Zn /fed. gave the highest mean values for yield and its
components except for culls/fed. in the first season.
However, in the second season, application of 100 kg P,0;
/fed., together with 25 kg Zn/fed., appeared to achieve the
best result for fruit yield and its components. The only
exception was for non- marketable yield (culls), where the
lowest mean value of culls was obtamed from the
interaction between 100 Kg P,O, /fed. coupled with 15 kg
Zn/fed. Such findings could be
Interpreted on the basis that the sufficient application and
the efficient absorption of P and Zn addition were coupled
together promote the preduction
photosynthesis required for good fruit yield and its

m both seasons.

to of more
components. Similar results were also recorded by
Mahnaz et al. [11].

Fruit Quality Characteristics: Results presented in
Table 7 indicated that, average fruit weight, fruit length,
fruit diameter, fruit moisture juice contents of strawberry
fruits were significantly affected by the various rates of
phosphorus, in both seasons. The lughest mean values of
average fruit weight, frut length, fruit diameter, fruit juice
content were obtained from the application of the highest
P rate(100 Kg P,O, /fed.). However, the lowest mean
values of fruit moisture content seemed to be associated
with the highest P rate, in both seasons. On the other
hand, no significant effects were detected with respect to
average fruit weight and fruit moisture content, in both
SEAsOIS.
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Table 7: Fruit quality characteristics of strawberry plants as affected by phospherus and zinc rates during the seasons of 2007/2008 and 20082009

2007/2008 season 20082009 season
Fruit Fruit Fruit Fruit Fruit Fruit Fruit Fruit Fruit Fruit
Treatments weight (g) length ey diameter (o) moisture (%6 juice (%) weight (g) length (er)  diameter (o) moisture &4) Juice ¥6)
Phosphorus (Kg P,0, fed.)
0 19.59 228 131 95.34 5.40 18.49 214 1.25 94.71 6.39
60 21.22 2.89 1.70 9328 5.60 21.90 2.60 1.57 92.44 6.59
80 24.68 348 1.97 90,18 6.81 25.60 324 1.87 90.98 782
100 26.29 361 238 8960 873 27161 375 2.33 8924 973
R.LED,,; 0.35 0.07 002 012 0.08 032 0.04 0.01 025 0.10
Zine (Kg Zn/ fed)
0 22.89 2.99 1.66 9223 6.22 2297 278 1.5% 9228 723
5 22.83 303 182 9203 6.46 2344 288 1.73 91.80 744
15 23.00 307 1.90 92,18 6.76 23.66 301 1.81 91.63 774
25 23.08 316 1.97 91.95 711 23.54 3.07 1.89 21.65 212
E.LED,, 0.27 005 002 0.31 0.07 0.23 0.04 0.02 030 0.07
Table 8 Frut quality characteristics of strawberry plants as affected by the mteraction between phosphorus and zinc rates during the seasons of 2007/2008 and 20082009
2007/2008 seascn 2008/2009 season
Fruit Frutt Fruit Fruit Frutt Fruit Frutt Fruit Fruit Fruit
Treatments weight (g)  length () diameter {crm) moisture (V) Juice %) weight (g) length (o) diameber (erm) moisture (%) Juice (%)
Phosphorus Zine
(KgP,0,fed) (g ZIn/fed)
0 0 1961 2.26 125 9338 512 17.88 2.07 113 54.33 6.12
5 19.45 2.28 1.30 95.46 517 1857 2.08 1.26 94.63 616
15 19.51 2.28 132 95.54 5.57 1875 2.15 1.29 95.03 6.54
25 19.81 2.31 137 9497 574 1878 2.29 1.32 5481 675
60 0 21.18 276 149 93.17 540 2112 248 139 93.63 641
5 21.26 282 165 9333 559 21.85 251 152 9294 655
15 21.22 2.90 17e 9349 5.64 2247 268 1.68 91.62 6.63
25 21.25 3.07 1.86 93.13 576 2218 274 172 91.55 676
80 0 247 348 1.88 90.46 6.51 2549 3.06 176 91.28 753
5 24.43 338 1.95 90.09 6.49 2572 326 1.84 90.85 749
15 24.68 349 1.9¢ o011 6,92 2562 333 183 S0.90 780
25 24.92 3.56 2.05 S0.04 733 2559 332 2.00 5088 837
100 0 26.06 346 201 89,89 782 2740 351 2, 8984 886
5 26.20 3.65 2.39 89.26 858 2763 3.69 232 88.80 957
15 26.58 3.4 2.50 89.60 850 27.80 387 243 83.97 o089
25 26.33 3.68 2.61 89.66 9.61 2762 392 253 89.36 1059
E.LED,,, 0.59 0.10 0.03 0.57 016 051 008 0.03 0.58 016
Table $: Chermnical contents of strawberry frnts and leaves as affected by phospherus and zinc rates durng the seasons of 2007/2008 and 20082002
2007/2008 season 2008/2009 season
Total sugars TS558 v.C Titratable Leaf’s Leaf's Total TS5 v.C Titratable Leaf's Leaf’s
Treatrnents (%) (%) 4 acidity (%) P %) Zn (pprm) sugars (%0) (%) (%) acidity %0) P (%) Zn (pprm)
Phosphotus
(KgP,0,/ fed)
0 17.90 .00 2853 0527 0.96 26.54 1884 843 2959 0.53% 082 2712
60 1859 o116 2920 0476 1.30 25.90 15.48 e18 3018 0450 138 2565
80 2024 1020 3097 0426 2.61 2353 20.68 10.24 3204 0433 244 2339
100 2113 11.52 3185 0383 3.47 2374 21.82 11.84 3327 0378 349 2261
E.LED,, 0.06 0.05 n0os 0.005 0.11 0.31 0.04 0.03 0.04 0.003 0.03 010
Zine (Kg Zn/ fed)
0 1883 877 29.00 0484 2.11 19.48 19.51 213 3030 0491 229 1941
5 1943 942 29.88 0469 2.13 24.35 12.94 2.45 3093 0475 214 2415
15 1956 1019 3056 0437 2.06 26.36 2033 10.51 31.53 0452 199 2621
25 20,03 1049 3111 0422 2.04 2952 21.05 10.61 3231 0429 182 2859
E.LED,, 0.07 0.05 0aQ7 0.004 0.07 0.21 0.05 0.03 0.04 0.004 0.04 0.06
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Table 10: Chernical contents of strawberry fruits and leaves as affected by the interaction between phosphorus and zine rates during the seasons of 2007/2008 and 2008/2009

2007/2008 season 20082009 season
Total sugars T.3.8 v.C Titratable Leaf's Leaf's Total T.2.8 v.C. Titratable Leaf’s Leaf's
Treatments 4 %) ©4) acidity (%4) P (%) Zn (pprm) sugars (M) 4) %) acidity (Vo) P () Zn (ppm)
Phosphotus Zine
(KgP,0f fed) (KgZn/fed)
&) 0 17.53 717 2814 0.556 0.90 20.27 1841 7.98 2940 0.568 0.89 20.37
5 17.69 7.69 2844 0.538 0.93 25.26 1843 739 2937 0.542 0.85 25.90
15 1802 821 2855 0.517 0.93 2833 12,12 294 2945 0.532 0.96 2882
25 1835 892 2899 0.497 107 32.31 12.40 .02 3012 0.510 0.97 33.38
Y] o] 18.02 7.94 2830 0.511 1.35 2010 18.11 817 2942 0.524 1.63 20,37
5 1843 889 2917 0.4%96 118 25.22 19.27 862 3023 0.499 1.53 25.80
15 1868 9.83 29.57 0.4¢67 1.27 28.05 18.71 9.98 3058 0.438 1.30 27.18
25 19.22 2.96 2976 0.430 142 30.23 19.84 9.98 3049 0.450 1.06 29.25
a0 0 18.92 9.82 2933 0464 2.47 18.94 19.38 977 3049 0480 274 19.44
5 19.85 9.95 30.21 0.455 2.58 22.64 12.58 9.89 3137 0.467 2.52 22.40
15 20.63 1041 31.54 0.391 279 24.34 21.16 10.58 3248 0411 2.34 24.60
25 21.54 10.64 3279 0.394 2.59 2821 22.59 1071 3383 0.398 2.16 2712
100 o] 20.84 1016 30,22 0.406 37N 1862 21.13 10.60 31.89 0.391 3.90 17.44
5 2174 11.15 31.69 0.387 3.82 24.29 22.47 1149 3273 0.385 3.6 22.51
15 20,90 1233 32.59 0.373 3.28 24.73 21.33 12.55 3363 0.330 3.35 24.25
25 21.03 1245 32.91 0.366 3.07 27.32 22.37 1272 34.81 0.358 3.07 26.23
R.LZD,, 013 010 0.15 ool 017 0.48 c.10 .06 c.oe 0.01 0.08 014
Tt was noticed that the highest mean values treatment combinationl 00 kg P,0; /fed. and 25 Kg 7Zn/

for most physical fruit quality characters were
obtained with the high rates of zinc. Similar results were
reported by Van den Driessche [13] and Alam and
Shereen [24].

With respect to the interaction effects between
phosphorus and zine rates, it appeared from the results in
Table 8 that, there were significant differences among the
means of average fruit weight, fruit length, fruit diameter,
fruit moisture content and fruit juice, in both seasons. Tt
was, also, noticed that the lighest mean values of all
characters were obtained by 100 Kg P,0; /fed. and 25 Kg
Zn/ fed., in both seasons. Similar results were obtained by

Alam and Shereen [24].

Chemical Contents: It was evident from Table 9 that,
application of phosphorus rates at 60, 80 and 100 kg P,
/fed., significantly, had positive effects on total sugars,
TSS, V.C, leaf P content, in both seasons. Fruits titratable
acidity and leaf’s Zn content, however, showed a reversal
trend as the P rate increased.

Application of Zine at the used levels, significantly,
enhanced the fruit contents of total sugars, T3S, V.C and
leaf’s Zn content, in both seasons. Titratable acidity and
leafs Zn content exhibited a remarkable decrease as Zn
rate mcreased.

With respect to the combination effects between
phosphorus and zinc rates (Table 10), results reflected
significant effects on total sugars, TSS, V.C, fruit acidity
and leaf P and Zn contents, in both seasons. The

fed., in most cases or 80 kg P,O; /fed. and 25 Kg Zn/ fed.,
recorded the highest significant
magnitudes for most chemical content, in both seasons.
Similar results were obtained by Shuman [12] and Van den
Driessche [13]. On the other hand, increasing levels of
phosphorus induced remarkable decrease of zinc content
in leaves, in both seasons. This antagonistic effect

in some cases

between P and Zn may be due to: (a) dilution of zinc in
plants by the increase in growth induced by phosphorus
fertilizers, (b) intubition of zinc uptake by the cations
{Ca® in particular) added with phosphorus fertilizers, (c)
phosphorus-induced zinc adsorption in the soil to
hydroxides and oxides of 1iron and aluminum and to CaCO,
and (d) inhibition of zinc translocation from roots to the
shoot [22].

The aforementioned results of the present study
indicated clearly that the application of phosphorus and
zine at the highest rates (100 kg P,O; /fed. and 25 Kg Zn/
fed.) favored the production of high vield of strawberry
plants with good quality, under the conditions of this
experiment.
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