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ABSTRACT

This study was conducted during two sequential seasons 2016/2017 and 2017/2018 at Protected
Agriculture Location, Agriculture Research Center, Dokki, Giza governorate, Egypt. The major goals of this
study were determining the suitable planting date for strawberry cv.Festival grown under climate change
impacts and improve vegetative growth, productivity and quality characteristics of strawberry cv.Festival by
using environmentally friendly fertilizers as a soil amendments. The experiment was arranged in a spilt plot
design, the main plots were represented by two planting dates (15" of September and 15™ of October) and the
sub plot were split by four different application levels of natural mixed mineral ore (NMO) as following Og,
69, 129, 18g and 24g which added as a soil amendments in pots culture under open field conditions. Results
showed that under different planting dates, 151 of October gave the highest values of vegetative parameters,
total and early yield per plant, average fruit weight, TSS and vitamin C and NPK% contents in leaves than 151
of September during the two successive seasons. Increasing the level of natural mixed mineral ore (NMO) up
to 24g enhanced vegetative parameters, total and early yield per plant, average fruit weight, TSS and vitamin
C. Leaves mineral content showed that increase (NMO) level led to increase nutrient percentage for PK
contents in strawberry leaves in comparison with control treatment. The highest vegetative growth, yield and
fruit quality were obtained from the 15% of October combined with 24g of (NMO).

Keywords: Strawberry, planting dates, natural mixed mineral ore, soil amendments, fruit quality and leaf

mineral content.

INTRODUCTION

Strawberry (Fragariaxananassa Duch.) has global
significance because of its unique taste and diversity of biological
compounds which are found at a high concentration such as
antioxidants, phenolics, carotenoids, ascorbic acid, vitamins, and
sugars Galli (2016). According to Agricultural Statistics Institute
(2019) the strawberry cultivated area is 31606 Faddan which
produced 539482 Tons.

Strawberry can be grown under varied climatic
conditions while it is mainly a crop of the temperate climate
which can be grown in a sub-tropical climate and even at high
altitudes of tropical climate Sharma and Negi (2019).

Transplanting date has a direct relation on daily
maximum and minimum temperature, daylight intensity, and
sunshine duration, which affect the flowering, fruit quality, and
production. Then, the transplanting date of strawberry considers
and important for dry matter production and yield Bhatia et al.
(2017). In line with previous studies, Anna et al. (2003) observed
better growth of strawberry plants when planting after the second
week of October because the temperature in these areas usually
started to decrease after the first fortnight of October. In addition
to high-temperature stress during September, Anwar et al. (2016)
concluded that there was a decrease in the success of seedlings,
on the contrary during the first two weeks of October which
favorite to plant growth, flowering, yield, and fruit quality.
Finally, prevailing weather conditions play a decisive role in
transplant success and fluctuations in mean temperature, rainfall,
relative humidity, and frost incidence may influence final yield
and fruit quality.
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Increasing limitations in agrochemical law regulations
led to the need for modern methods in plant nutrition and plant
protection Ronga et al. (2019). In recent years, more research has
been performed to find safe alternatives which are used to
stimulate  growth and improve vyield without causing
environmental pollution problems and at the same time are much
cheaper and more convenient to use than conventional mineral
fertilizers.

Natural mixed mineral ore (NMO) is one of these
alternatives which consist of thirteen oxide elements such as
SiOz, TiOZ, A|203, Fezoa MnO, SOgv MgO, CaO, Nazo, Kzo,
P,0sand L.O.I. Some of these elements are very important for
strawberry production not only to increase the yield but also
increasing fruit quality. Silicon is the major element in (NMO)
which reached about 38.5% SiO, in addition to 3.4% K0, 6.1%
P05, and 3.5% F,0s. Recently, silicon has been listed as a
beneficial element according to International Plant Nutrition
Institute (2015) Georgia,USA. Silicon plays a vital role in several
plants for being tolerant to anti-effects of biotic stresses caused by
diseases, pests, and abiotic stresses, caused by environmental
stress like salinity, heavy metals, drought, frost, high and low
temperature, water flooding, etc. Sonali and Byoung (2014) and
Carrasco-Gil et al. (2018). Applications of silicon induce
metabolic changes in strawberry plants, however, applications of
silicon increased chlorophyll and organic acid content and
enhanced plant growth Wang and Galletta (1998). There are
some studies on NMO that provide useful information, so there
is a need for more studies to provide proper recommendations to
apply for commercial farms Mansour and Mubarak (2014).
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Silicon also helps in the formation of organic defense
compounds through the alternation of gene expression Ordefiana
(2002) or relieving diseases such as Botrytis or Spodoptera
Snyder et al. (2007).

Therefore, this study was aimed to improve strawberry
quality and production in sand culture by determining the most
proper planting date and optimum addition rate of NMO as a
friendly environment plant growth promoter.

MATERIALS AND METHODS

This experiment was conducted at Protected
Agriculture Location, Agriculture Research Center, Dokki,
Giza governorate, Egypt in open field conditions during the
two successive seasons of 2015/2016 and 2016/2017.

Plant material:

Strawberry (Fragaria Xananassa Duch.) cv. Festival F1
hybrid fresh seedlings were obtained from Techno green Farms
— New El-Salhia location. Strawberry were transplanted at two
planting dates on 15" of September and 15% of October in the 1%
and 2™ cultivated seasons, respectively. The seedlings was
selected according to crown diameter, all seedlings was above 0.5
cm crown diameter before transplanting.

System materials:

Plastic pots 8 Liters (25 cm diameter x 30 cm height)
were used, the pots were filled by sand in open system of
sand culture. Sand was primarily washed with diluted nitric
acid to get rid from the undesirable salts, then with running
tap water to wash nitric acid compounds from the sand.

After sand was getting dry, it mixed with natural
mixed mineral ore in different rates regarding to the
treatments under the study and filled the pots in specific
volume 8 L. The sand was mixed with compost with 0.5%
rate to enhance the sand as a substrate for all treatments.
Black polyethylene sheets were mulched the soil before
arranging the pots to prevent plant roots to penetrate soil.
Low tunnel was used for protect all the treatments from mid
of November till mid of February.

The pots were arranged in rows. Every two rows of pots
contained one bed. The width of each bed was 50 cm. The
distance between each two plants in each row was 30 cm.

The chemical fertilizers were injected within irrigation
drip system. Sub-miserable pump (1H) at water tank 1000 L for
all experimental plot was used to pump the fertigation via
drippers of 4 I/hr capacity. The fertigation was programmed to
work 4 times / day and the duration of irrigation time depended
upon the season. Crop management practices were in accordance
with standard recommendations for commercial growers.

The study treatments:

The experiment was designed to study the effect of two
factors on strawberry growth and yield. The first factor was
planting date of strawberry seedling 15" of September and 15" of
October. The second factor was five levels of natural mixed
mineral ore (0, 6, 12, 18 and 24 g per plant). The experimental
design was a split plot with three replicates. The planting date was
assigned as main plot and natural mixed mineral ore levels was
allocated in subplots. Each experimental plot contained 10 plants.
Table 1. Chemical constituents of natural mixed mineral

ore (NMO).
SiO2 TiO2 AI20s Fe:0s MnO  SOs
Component % 3856 0.76 7.8 358 061 538
MgO Ca0 NaO KO P05 L.Ol
247 1345 1.32 337 614 701

Measurements:

Samples of three plants of each experimental plot
were taken to determine growth parameters after 120 days
from the transplanting date as follows:
1.Number of leaves.
2.Plant height (cm).
3.Crown diameter (cm).
4.No. of secondary crowns per plant.

Yield:

Total yield per plant was recorded during the harvesting
season as g/plant. The early yield was determine during the first
two months of harvesting. Average number of fruits for
different treatments during the two seasons was recorded.
Fruit quality:

Samples of plant fruits from different treatments was
taken during mid of February. Random samples of 15 fruits
were taken to determine the physical and chemical fruit
quality as follow:-
a.Physical Fruit quality:
1.Average fruit firmness (g/cm?) by Ballouf Pressure Tester

according to A.O.A.C. (1990).

2.Average fruit weight (g).

b. Chemical Fruit quality:

It was estimated according to A.O.A.C. (1990) as follow:
1.Total soluble solids (TSS %) sing a hand refractometer.
2.Total acidity was determined in fruit juice as (mg/100g).
3.Vitamin C (mg/100 g).

Leaf mineral content:

Five plant samples (12 fully mature leaves) from each
experimental plot were taken after 90 days from transplanting
for mineral analysis. Samples were dried at 70°C in an air
forced oven for 48 hr. Wet digestion was performed according
to FAO (1980) 0.5g oven — dried plant material was added in
50 ml volumetric flask and digest with 10 ml H,SO, conc. on a
hot plate at approximately 270 °C. Small quantities of H.O,
was added repeatedly until the digest remains clear. The
solution left to cool and diluted to 50 ml with redistilled water
according to the method described by Allen (1974).

1. Total nitrogen was determined by Kjeldahl method
according to the procedure described by FAO (1980).

2. Phosphorus content was determined using spectrophotometer
according to Watanabe and Olsen (1965).

3. Potassium content was determined photometrically using
Flame photometer as described by Chapman and Pratt
(1961).

Statistical analysis:

Analysis of the data was determined by computer,
using SAS program for statistical analysis and the differences
among means for all traits were tested for significance at 5 %
level according to the procedure described by Sendecor and
Cochran (1980).

RESULTS AND DISCUSSION

Results
Effect of maximum daily air temperature on different
planting dates:

The maximum daily air temperature during the two
planting dates illustrated in Figure 1.The maximum air
temperatures during the first week in September 2016 and 2017
were ranged from 33 - 36 °C. The maximum air temperature
gradually decreased (with some fluctuation) during the next
week to be almost around 32°C. The maximum air temperature
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tended to decrease again to be around 30°C from 1%week of
October till Mid of October 2017. During 2016 the maximum
air temperature remained around 30°C till Mid of October then
gradually decreased to be below 30°C. The maximum air
temperatures after mid of October of 2016 and 2017 till Mid of
November were ranged from 24 to 29°C. The obtained
maximum air temperature data revealed that the maximum air
temperatures were optimum for vegetative growth of
strawberry in the second planting date.

The daily maximum air temperature

Figure 1. The maximum daily air temperatures during
mid of September till Mid of November in
2016 and 2017 seasons.

1- Vegetative growth characteristics of strawberry:

The results in Table 1 demonstrated the effect of
planting dates of cv. strawberry Festival and levels of natural
mixed mineral ore on vegetative characteristics of
strawberry (number of leaves per plant, plant height, number
of secondary crowns per plant and crown diameter).

Regarding the effect of planting dates in both seasons,
the 15" of October (second planting date) gave the highest
values of No. of leaves per plant, plant height, No. of secondary
crowns per plant, and crown diameter while the lowest data was
recorded by 15" of September (first planting date).

Concerning the effect of applied natural mixed mineral
ore rates, the differences among treatments were significant
except in strawberry plant height during both seasons.

The highest No. of leaves per plant obtained by 24g
of mixed mineral ore per plant followed by 18g; using 129
per plant came in the third option, whereas control
treatments gave the lowest No. of leaves per plant. There
were no significant differences between control and 6g per
plant of mixed mineral ore.

The obtained results showed that using 24 g per plant
of natural mixed mineral ore gave the highest secondary
crowns per plant and crown diameter; there were no
significant differences between 24 and 18g per plant. The
lowest secondary crowns per plant and crown diameter were
obtained by control. There were no significant differences
between control treatment compared to applying 6 or 12 g
per plant of natural mixed mineral ore.

The interaction effect between planting date and natural
mixed mineral ore, as presented in Table 1 showed that the
second planting date combined with 24 g gave the highest No.
of leaves followed by the second planting date combined with
18 g of natural mixed mineral ore. First planting date combined
with control demonstrated the lowest No. of leaves per
plant. The same trend was obtained during the second season

Regarding to strawberry plant height, data presented
that 15" of October (second date) combined with 24 g
natural mixed mineral ore per plant gave the highest values
plant height, followed by the second planting date combined
with 18g of natural mixed mineral ore per plant. The lowest
values observed in 15" of September (first date) combined
with control. There were no significant differences between
the first plant date combined with control and first plant date
combined with 12g of natural mixed mineral ore per plant.

Table 2. Effect of planting dates and natural mixed mineral
ore levels on number of leaves, plant height, number
of secondary crowns and crown diameter.

Number of leaves/plant
Mixed Mineral ore rate

Planting dates

Control 6g 12g 18g 24g MeanA
First season 2016/2017
15" of September 3279 337g 35.7fy 37.0ef 38.7def 355B
15" of October  393de 417d 457c 49.7b 543a 461A
Mean B 360D 37.7D 407C 433B 465A
Second season 2017/2018
15" of September 3479 357g 37.7fy 39.7¢ef 41.7de 379B
15M of October  41.7de 437d 487c 537b 577a 490A
Mean B 382D 397D 432C 46.7B 497A
Plant height (cm)
First season 2016/2017
15" of September  233b 231ab 233b 232ab 234ab 232B
15" of October  247ab 253a 251ab 255a 253a 251A
Mean B 238A 243A 242A 243A 243A
Second season 2017/2018
15" of September  243c  24.7bc 24.7hc 255a0c25.2abc 24.8B
15" of October  262abc 27.1ab 26.7abc 27.3a 274a 268A
Mean B 251A 258A 256A 263A 261A
Number of secondary crowns/plant
First season 2016/2017
15" of September 55d 55d 55d 58d 66cd 56B
15t of October 76bc 86a 84ab 93ab 98a 87A
Mean B 65B 70B 69B 76AB 81A
Second season 2017/2018
15" of September  59d 59d 59d 62d 70cd 61B
15% of October 8lbc 92ab 89ab 99a 105a 93A
Mean B 70B 75B 74B 80AB 87A
Crown diameter (cm)
First season 2016/2017
15" of September 14e  14e 15de 16cde 17cde 15B
15t of October 18cd 18bc 19abc 2lab 2la 19A
Mean B 16C 16C 17BC 18AB 19A
Second season 2017/2018
15" of September 15e  15e 16de 17cde 18cde 16B
15t of October 18cd 19bc 19bc 22ab 22a 20A
Mean B 17B 17B 18B 19A 20A

As regards the number of secondary crowns per plant,
results showed that the second planting date combined with all-
natural mixed mineral ore rates gave a higher number of
secondary crowns per plant than the control treatment. There
were no significant differences between the second planting dates
combined with the different mixed mineral ore. The lowest
number of secondary crowns per plant was observed in the first
planting date with control treatment. There were no significant
differences between the first planting dates combined with
different natural mixed mineral ore except the first planting date
combined with 24g of mineral mixed ore. A similar trend was
found in the second season.

In both seasons according to crown diameter, data
existing that the second date combined with different levels
(12, 18, and 24 g per plant) of natural mixed mineral ore
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gave a higher crown diameter than the second planting date
combined with control. The lowest results were obtained on
the first date combined with control. There were no
significant differences between the first planting date
combined with control and the first planting date combined
with 6 g of natural mixed mineral ore per plant.

Yield and fruit quality characteristics of strawberry:

The effect of planting dates of cv. strawberry
Festival and levels of natural mixed mineral ore on yield
(total yield per plant and early yield per plant) and physical
quality characteristics of strawberry (average fruit weight
and fruit firmness) were established in Table 2.

The different planting dates had a significant effect on
total yield per plant, early yield per plant, average fruit weight,
and fruit firmness for the duration of the two studied seasons.

The second planting date gave the highest total and early
yield per plant compared to the early planting date (15" of
September). According to the total yield per plant, there was an
increase of about 28.2% and 21.3% than the 15" of September
date at the first and second seasons, respectively. While 15" of
October enhanced early yield per plant by around 84.9% more
than the 15" of September date in both seasons.

With regard to average fruit weight, data prepared
that the second planting date had the highest outcome
compared with the first planting date which gave the lowest
outcome. On the other hand, the 15" of September (first
planting date) gave higher fruit firmness than The 15" of
October (second planting date).

Data showed that there were significant variances
among all application rates of natural mixed mineral ore
treatments during both seasons. The highest total yield per plant
was obtained by using (249, 189, 12g, and 6g of mixed mineral
ore respectively) which increasing the total yield percentage per
plant as 16.1%, 11.5%,7.8% and 2.8% correspondingly, more
than control treatment during the first season and 15.7%,
11.2%, 7.6%, and 2.7% respectively for the second season.
Control recorded the lowest total yield per plant.

On the subject of early yield per plant, data revealed
that using 249 of mixed mineral ore gave the highest early
yield per plant followed by using 18g then using12g. The
lowest early yield per plant was found by using control.
There were no significant differences between using 6g of
mixed mineral ore and control. Expressing the early yield
increase as a percentage, it was clear that using 24g, 18g and
12g of mixed mineral ore gave 22.7%, 15.4%, and 8.9%
more than control at the two seasons.

Concerning the average fruit weight data showed
that using 24g of mixed mineral ore provided the highest
fruit weight followed by using 18g then using 12g of the
natural compound. The lowest fruit weight was found using
control. The same trend was observed in the second season.

Regarding fruit firmness there were significant
differences among all treatments, it was clear that control
gave the value of the highest followed by using 6g, 12g and
18g of mixed mineral ore respectively. The application of
249 of mixed mineral ore recorded the lowest fruit firmness.

The interaction influence between planting date and
natural mixed mineral ore, as presented in Table 2 exposed that
the second planting date combined with 24 g gave the highest
total yield per plant chased by the second planting date combined
with 18 g of natural mixed mineral ore. The first planting date

combined with control demonstrated the lowest total yield per
plant. A similar trend was gotten during the second season.
Referring to the early yield per plant, there were
significant variations between treatments in both seasons. The
second planting date combined with 24 g of natural mixed
mineral ore gave the highest early yield per plant pursued by the
second planting date combined with 18 g of natural mixed

mineral ore and then the second planting date combined with 24

g of natural mixed mineral ore. The lowest values were observed

in the first planting date combined with control. There were no

significant differences between the first planting date combined
with control and the first planting date combined with 6g of
natural mixed mineral ore per plant.

Table 3. Effect of planting dates and natural mixed mineral
ore levels on total yield per plant, early yield per
plant, average fruit weight and fruit firmness.

Total yield/plant (g)

Planting Mixed Mineral ore rate
dates Controdl  6g 129 189 249 MenA
First season 2016/2017
15" of September 4933j 507.1i 5324h 55059 5738f 5314B
15" of October  6333e 6506d 6826¢c 7054b 7347a 6313A
Mean B 5633E 5788D 6075C 6279B 6542A
Second season 2017/2018
15" of September 5338] 54781 5737h 5922g 6159f 57278
15" of October  6462e 6636d 6962c 7195b 7494a 649A
Mean B 5809E 6057D 6349C 6558B 6326A
Early yield/plant (g)
First season 2016/2017
15" of September 2072h 2028h 22369 247.7f 2582e 2279B
15" of October  3863d 3903d 4232c 4373b 4702a 4214A
Mean B 296.7D 2965D 3234C 3425B 3B42A
Second season 2017/2018
15 of September 211.3h 2068h 2281g 2527f 2633e 2324B
15" of October  3%41d 3981d 4316c 4461b 479.6a 4299A
Mean B 3027D 3025D 3208C 3493B 3714A
Average fruit weight(g)
First season 2016/2017
15" of September  253f  264f 272e¢f 283de 297cd 273B
15" of October  314bc 313bc 331b 3H7a 377a B7A
Mean B 282D 287D 305C 322B 3RB7A
Second season 2017/2018
15" of September 2679 27.7fy 287e¢f 293e 312d 287B
15" of October  327d  331d 354c 375b  392a FH3A
Mean B 27D 303D 318C 33B2B 3H2A

Firmness (g/cm?)

First season 2016/2017
15" of September 1551a 1513b 1482cd 1456¢€f
15M of October  1503hc 1473de 1464def 141.7¢g
Mean B 127A 1493B 1472C 1433D

Second season 2017/2018
15" of September 1581a  1543b  1515ad 1477€fy 1457fh 1513A
15" of October  1533hc 1503de 14920ef 1448¢h 1432h 1481B
Mean B 15%7A 1523B 1502C 1465D 1443E

In relation to average fruit weight, it was clear that the
second planting date combined with 24g or 18g of natural mixed
mineral ore per plant recorded the highest fruit weight. There
were no significant differences between the second planting date
combined with 24g or 18g of natural mixed mineral ore per plant.
The second planting date combined with 129 of natural mixed
mineral ore per plant came in second place. There were no
significant variances between the second planting date combined
with 6g of natural mixed ore and control. The lowest fruit weight
was noticed in the first planting date combined with control. The
same trend was found through the second season.

Concerning fruit firmness in both seasons, data
offered that the first planting date combined with control
gave the highest worth of fruit firmness followed by the first
planting date combined with 6g of natural mixed ore. The

1435fy 1485A
1403g 1451B
T415E
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second planting date combined with 18g of natural mixed
ore gave the lowest values. There were no significant
differences between the second planting date combined with
18g of natural mixed ore and second planting date combined
with 24g of natural mixed ore.

Chemical fruit quality characteristics of strawberry:

The influence of planting dates of cv. strawberry
Festival and levels of natural mixed mineral ore on chemical
quality characteristics of strawberry (TSS, fruit acidity, and
vitamin C) were recognized in Table 3.

On the subject of the effect of planting dates in both
seasons, the second planting date gave the highest values of
total soluble solids and vitamin C, however the lowest data was
recorded by the first planting date. Concerning fruit acidity, data
reflected that there were no significant differences between the
15" of September and the 15% of October.

Regarding the effect of applied natural mixed
mineral ore rates, the differences among treatments were
significant during both seasons.

Data showed that TSS and vitamin C gave the same
trend, increasing natural mixed mineral ore rates led to
increasing TSS and vitamin C. the highest values was
obtained by using 24g of mixed mineral ore per plant
followed by using 18g. Using 12g of natural mixed mineral
ore came in the third option. The lowest TSS and vitamin C
were obtained by control treatments during both seasons.

Concerning fruit acidity, it was clear that control gave the
highest fruit acidity. There were no significant variances between
control and 6g per plant of mixed mineral ore. Using 129 per
plant of mixed mineral ore came in the second option, followed
by 18g per plant of mixed mineral ore. The lowest fruit acidity
was obtained by using 24g per plant of mixed mineral ore.
Table 4. Effect of planting dates and natural mixed

mineral ore levels on total soluble solids, fruit
acidity, and vitamin C contents.

In both two seasons regarding the interaction effect
between planting date and natural mixed mineral ore, data
existing that using 24g per plant of mixed mineral ore
combined with the first or second planting dates gave the
highest results of TSS, followed by using 18g per plant of
mixed mineral ore combined with the first or second
planting dates. Using 12g per plant of mixed mineral ore
combined with the first and second planting dates came in
the third selection. The lowest TSS was achieved with
control combined with both planting dates.

In relation to fruit acidity, results showed that control
combined with first or second planting dates gave the highest
values of fruit acidity. There were no significant differences
between control combined with first or second planting date and
using 6g per plant of mixed mineral ore combined with the first
or second planting date. The lowest values of fruit acidity were
given by using 24g per plant of mixed mineral ore combined with
the first or second planting date.

On the subject of vitamin C, data discovered that using
244 per plant of mixed mineral ore combined with both planting
dates gave the highest results of vitamin C, followed by using 18g
per plant of mixed mineral ore combined with the first or second
planting dates. The lowest TSS were achieved by control
combined with both planting dates.

Nitrogen, phosphorus and potassium contents in leaves:

The results in Table 4 were illustrated the effect of
planting dates and natural mixed mineral ore on nitrogen,
phosphorus, and potassium percentage in strawberry leaves.

Regarding the effect of planting dates in both seasons, the
second planting date gave the highest N, P, and K contents in
strawberry leaves, while the first planting date was presented the
lowest N, P and K contents content in strawberry leaves.

Table 5. Effect of planting dates and natural mixed mineral
ore levels on nitrogen, phosphorus, and potassium
percentage in strawberry leaves.

Total soluble solids (%) N %
Planting dates Mixed Mineral ore rate Planting dates Mixed Mineral ore rate
Control 6g 12g 18g 24g MeanA Control 6g 12g 18g 24g MeanA
First season 2016/2017 First season 2016/2017
15" of September  7.2f 7.6ef 83cd 93b 104a 86B 15" of September 3013a 3.031a 3020a 3010a 3.013a 301B
15t of October 73f 79de 87c 95b 103a 87A 15M of October ~ 3.063a 3066a 3050a 3050a 3053a 306A
Mean B 73E 78D 85C 94B 104A Mean B 3028 A 3051 A 3035A 3035A 3038A
Second season 2017/2018 Second season 2017/2018
15" of September 7.6f 7.9ef 87cd 9.8b 108a 89B 15" of September  313a 3.16a 314a 314a 3l14a 314B
15t of October 77f 83de 92c 10.1b 108a 92A 15t of October 316a 319a 317a 317a 317a 317A
Mean B 76E 82D 89C 99B 108A Mean B 315A 317A 315A 315A 316A
Fruit acidity (mg/100 g dw) P %
First season 2016/2017 First season 2016/2017
15" of September 0.61a 0.59 ab 055abc 049cde 044e 054A 15t of September 0430h 0523g 0553f 0.606e 0.656d 0554B
15" of October  0.61a 0.59 ab 054bcd 048de 043e 053A 15" of October 0536y 0.640de 0.736¢ 0.773b 0.860a 0.709A
Mean B 0.61A 0.59A 054B 0.49C 044D Mean B 0483E 0581D 0.645C 0690B 0.758 A
Second season 2017/2018 Second season 2017/2018
15" of September 0.65a 0.64 ab 058abc 052cd 047d 057A  15Mof September 0456h 05539 0583f 0.646e 0.696d 0587B
15" of October  0.65a 0.63ab 0.57 bc 051cd 046d 056A 15" of October 0563y 0.676de 0.776¢ 0.823b 0.8%a 0.747 A
Mean B 0.65A 0.64A 057B 052C 047D Mean B 0510E 0615D 0.680C 0.735B 0.796 A
Vitamin C (mg/100 dw) K %
First season 2016/2017 First season 2016/2017
15" of September 64.2h 67.3fg 70.4de 75.6b 788a 709B 15" of September 1579 174f 183f 205de 227bc 189B
15" of October  65.5gh 68.6ef 71.8cd 742bc 804a 724A 15M of October  194ef 216cd 224cd 252b 28la 233A
Mean B 64.8E 679D 71.1C 749B 796A Mean B 175D 195C 204C 228B 254A
Second season 2017/2018 Second season 2017/2018
15" of September 65.5h 68.6fg 71.8de 75.7bc 807a 724B 15" of September  1.63g 181f 190f 213de 236bc 196B
15" of October  66.8gh 69.9ef 73.3¢cd 77.2b 819a 738A 15" of October ~ 202ef 224cd 233cd 262b 292a 243A
Mean B 66.5E 69.3D 726C 764B 812A Mean B 182D 202C 212C 237B 264A
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Concerning the effect of applied natural mixed
mineral ore rates, the differences among treatments were
significant with the exception of N content in strawberry
leaves during both seasons. There were no significant
differences between the treatments in terms of nitrogen
content in strawberry leaves.

The highest P and K contents in strawberry leaves
were obtained by using 24g of mixed mineral ore per plant
followed by 18g; using 12g per plant came in the third
option, whereas using 6g per plant came in the fourth
selection in case of P content in strawberry leaves, but there
were no significant differences between using 6g per plant
and 12g per plant of mixed mineral ore in case of K content
in strawberry leaves. Control treatment gave the lowest P
and K contents in strawberry leaves.

Referring to the interaction influence between planting
date and levels of natural mixed mineral ore, as presented in
Table 4, data showed that there were no significant differences
between planting date combined with natural mixed mineral ore
levels according to N content in strawberry leaves.

Onthe subject of P content in strawberry leaves, data
revealed that the second planting date combined with 24 g
natural mixed mineral ore per plant gave the highest values
of P content, second planting date combined with 18 ¢
natural mixed mineral ore per plant came in the second
option, whereas second planting date combined with 12 g of
natural mixed mineral ore per plant came in the third
opportunity. The lowest value of P content was noticed with
the first planting date combined with control.

In relation to K content in strawberry leaves, results
showed that the second planting date combined with 24 g
natural mixed mineral ore per plant gave the highest values
of K content, followed by the second planting date
combined with 18g of natural mixed mineral ore per plant.
There were no significant differences between the second
planting date combined with 18 g natural mixed mineral ore
per plant and the first planting date combined with 24g of
natural mixed mineral ore per plant. The second planting
date combined with 12g of natural mixed mineral ore per
plant came in the third option. The first planting date
combined with control gave the lowest value of K content
Discussion

Vegetative growth parameters of strawberry such as
number of leaves per plant, plant height, and number of
secondary crowns per plant and crown diameter were shown to
be significantly affected by air temperature. The obtained data
revealed that maximum daily air temperature were optimum for
vegetative growth of strawberry in the second planting date,
because it was decreased below 30°C during the first two weeks
after seedlings cultivation. These results reflect those of Sgnsteby
and Heide (2007) who also found that the number of leaves per
plant was higher at 27°C. As well as, Hancock (1999) found that
high temperatures slow down plant growth by promoting
respiration rate and reducing photosynthesis process. Denis
(2020) demonstrated that 30°C gave the highest vegetative
growth with strawberry.

Application of natural mixed mineral ore has high
potential in increasing performance of plant growth because
it consists of important elements such as silicon, phosphorus
and potassium. Silicon had positive effect on stimulation
vegetative growth under different environmental conditions.

From results it was clear that using 24g per plant of
(NMO) gave the highest values of vegetative growth parameters.
Hossain (2002) reported that Silicon was increased leaves size
due to Increase of cell number and cell dimensions which
indicated the effect of Silicon on cell elongation. Ahmad et al.
(2011) and Hasanuzzaman et al. (2012) had been assigned to
increased photosynthesis and antioxidative enzyme activities.
Ahmad et al. (2016) and Cao et al. (2018) showed that Silicon
increase chlorophyll pigment content in different plants under
stress and normal conditions.

The late planting date of strawberry plants gave the
highest early and total yield; these results agree with both
Sonsteby and Heide (2007) and Denis, (2020) who reported
that air temperature around 30°C treatment enhanced earlier
flowering in strawberry plants compared to the other treatments
which had a higher air temperature above 30°C, that can
interpret the reason of higher production of late planting (Mid
of October) gave higher fruit weight than early planting date
(Mid of September). Similar results have been adjusted with
Kumakura and Shishido (1994) who reported that fruit size was
significantly enhanced by lower temperature.

Regarding the application of natural mixed mineral ore
(NMO), increasing the application of NMO from 6 up to 24g per
plant of NMO led to increasing the highest yield and fruit weight.
These results agree with Reis et al. (2007) who obtained similar
results when observed that silicon application increased
production, maybe because Si favored the phosphorus absorption
by plants due to the molecular similarity between the anionic
forms (H.PO4 and HsSiO4). Moreover, Korndorfer et al. (2010)
observed that Si promoted the formation of a double layer of
silica that reduces transpiration by stomata, limiting the loss of
water and favoring greater production. Marodin et al. (2014)
pronounced that Silicon increasing the commercial yield of
tomato and reduced the occurrence of cracked fruits, and
increasing significantly economic returns because of the higher
productivity of tomato plants. Mansour and Mubarak (2014)
decided that NMO was affected significantly by increasing the
fruit weight of Navel orange. Liang et al. (2015) described that
application of silicon to the soil increasing tomato yield by 8.7—
15.9% compared with the control treatment. Prentice et al. (2017)
found that using Agrisilica (26% of silicon) fertilizer in sugar beet
cultivation increasing yield systematically up to 40% in relation
to the control treatment. Gholami et al. (2019) suggested
that increasing yield and fruit weight_could be due to many
reasons including increasing photosynthesis efficiency, leaf area,
assimilate production, and increasing of water and mineral
absorption by the root which ultimately increasing vegetative
growth.

Data presented that using the highest rate of NMO
which was calculated with 24g gave the lowest fruit
firmness. Whereas using 6g of NMO gave the highest value.
Zydlik et al. (2009) designated that silicon applications
significantly increasing strawberry fruit firmness. On the
contrary, Ouellette et al. (2017) observed that silicon was
not translocated to strawberry fruits, thus it was not affect
fruit firmness or fruit weight of strawberry.

Data showed that there was a consensual relationship
between increasing NMO rate and increasing both TSS and
vitamin C in strawberry fruits, on the contrary, was fruit acidity.
Those results matching with Laster et al. (2006) when reported
that the application of K in soil or on foliages during fruit growth
in melons can improve fruit quality, sugar content, and ascorbic
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acid. Also, Ebrahimi et al. (2012) who showed that increasing
the concentration of potassium leading to increased vitamin C
content and TSS. In addition to Mansour and Mubarak (2014)
found that NMO increasing TSS significantly. Also,
Valentinuzzi et al. (2017) observed that silicon application
significantly increased glucose content in strawberry fruits.
Finally, Francisco et al. (2020) reported that silicon application
improves the berries' quality reaching the parameters of the
marketable fruits.

Strawberry cv. Festival had a better response to
higher concentration of K which existed in case of
using different NMO application than control. There
was a consensual relationship between increasing NMO rate
and increasing both of potassium and phosphorus content in
strawberry leaves. Mansour and Mubarak (2014) found that
NMO increasing potassium and phosphorus content in
leaves of Navel orange leaves. Also, Mansour and Ataya
(2021) obtained the same results. Ghasem et al. (2018)
found that Increasing K concentrations of nutrient solution
of strawberry increased leaf and fruit K concentration than
control with strawberry cv. Camarosa and Selva genotypes.

CONCLUSION

This study concludes that, the15™ of October is ideal
date for planting strawberry cv.Festival. Also, it could be
evidently concluded that, application of natural mixed
mineral ore (NMO) considers as environmentally friendly
fertilizers and soil amendments for enhancing plant growth,
yield and quality. The recommendation under this study
could be summarized as; using the15" of October combined
with 24g of (NMO) gave the highest results of vegetative
growth, yield and quality characteristics as well as P and K
contents of strawberry leaves.
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