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Abstract
Introduction

Most of Iran's soils are calcareous soils. In these types of.soils{ the amount of phosphorus absorption
decreases with the increase of soil pH. Phosphorus abserptionfronithereet surface happens quickly,
and as a result, the area of 0.2-1 mm around the root beeomes empty of phosphorus. An effective
strategy to deal with phosphorus deficiency stress\is the secretion of organic acid anions by plant
roots. Current evidence shows that the apphication of silicon/greatly increases the secretion of organic
acids by the roots. According to the findings of theWresearchers, there is a positive correlation
between the availability, of silicon and thesmobility of phosphorus in the plant. In addition, the
external use of silicon alse,helps to increase ‘the activation of phosphorus from mineral surfaces.
Considering the lack,of“phosphorus resources in the world, the low mobility of phosphorus in the
soil, the increase in its price and its excessive use, conducting studies related to phosphorus fertilizers
in order to increase the ahsorption of phosphorus and fruit quality of greenhouse crops seems to be
completely necessary.

Materials and methods

The experiment was' conducted in the form of a split plot design and in the form of a basic
randomized complete block design with 3 replications. The treatments of this experiment included
different levels of phosphorus fertilizer (0, 7.5, 15 and 30 kg/ha, in the main plots) and three levels
of silicon aminochelate spraying (0, 2 and 4 ml/L, in the secondary plots). The measurement of
chlorophyll a, b and total chlorophyll was done using a spectrophotometer in mature leaves
developed according to the method suggested by Arnon (1967). Phosphorus was also measured by
colorimetric method. During the experiment, strawberry fruits from different treatments were
harvested and counted. The weight of a single fruit was measured by a digital scale with an accuracy
of 0.01 g. The total weight of the fruit in each plant was calculated and recorded from the sum of the
weight of the harvested fruits during the growth period. The dry matter percentage of the fruit was
calculated by dividing the dry weight of the sample by the fresh weight of the sample multiplied by
100 (Tabatabaei, 2013). During the experiment, fruits from different treatments were harvested and
their length and diameter were measured by calipers and reported in centimeters. The firmness of
the fruit tissue was measured by a firmness meter, and the pH and EC of the fruit extract were
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measured by a pH meter and an EC meter, respectively. Also, the percentage of TSS was measured
by a refractometer.
Result and Discussion

The results of this experiment showed that the application of 15 kg/ha of phosphorus with a
concentration of 2 ml/L of silicon aminochelate (PsSi,) had the highest amount of chlorophyll a,
chlorophyll b and total chlorophyll. The highest phosphorus concentration of the whole plant (0.98%)
was obtained at the level of 15 kg/ha of phosphorus and the concentration of 2 ml/L of silicon
aminochelate. Based on the results of average comparisons, the highest amount of total fruit weight
(599.93 g) was observed in the treatment of 15 kg/ha of phosphorus and the levelef 4 ml/L of silicon
aminochelate (P3Sis), which had no significant difference with the P5Si, treatment. RsSi, and P3Sis
treatments compared to the control treatment (P,Si;) caused an increase of 67.62 and 68.33 percent of
the total weight of strawberry fruits, respectively. The highest percentage of fruit dry matter(7.38%)
was observed in the P;Si, treatment, which had no significant difference with.the P3Si; treatment
(6.97%). In many studies, an increase in chlorophyll and yield was observed after the application of
foliar spraying with silicon. The use of silicon strongly increases,the secretioniof malate and citrate
by the roots, and in this way, it helps to mobilize and absorb moreyphosphorts in conditions of its
deficiency (Hu et al., 2021).

Conclusion

According to the results, it is recommended to use a‘concentration of 2 ml/L in silicon aminochelate
and a level of 15 kg/ha of monopotassium phosphate to achieve maximum growth, yield and quality
of strawberry fruits.

Keywords: Fertilizer, Foliar application, Growth, Rlant nutrition, Yield.
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Table 1. Variance analysis of photosynthetic and physiological characteristics of strawberry under
different levels of phosphorus fertilizer and Si-aminochelate

S.0vV df Chlorophyll Chlorophyll Total Carotenoid Stomatal Total
a b Chlorophyll conductance  phosphorus
Block 2 0.02™ 0.01™ 0.07™ 0.000 ™ 1408.36 0.001™
Phosphorus (P) 3 013" 0.05™ 0.36 0.025 1602.00 024"
Error a 6 0.011 0.004 0.03 0.0002 285.02 0.0008
Si- aminochlate (Si) 2 015" 0.05™ 0417 0.001" 9307.44 0.009 ™
PxSi 6 021" 0.07 ™ 0.55 " 0.002 ™ 601.00 0.01™
Error b 16 0.012 0.004 0.031 0.0005 177.02 0.0006
CV(%) - 9.52 8.90 9.27 6.84 549 4.06

*** and ns: Significant at 5% and 1% level probability and no significant, respectively.

Table 2. The main and interaction effects of phosphorus fertilizer and Si=aminochelate on the
photosynthetic and physiological characteristics of strawberry

Treatment Chlorophyll ~ Chlorophyll Total Total Stomatal
a b Chlorophyll Carotenoid conductance
(mg/g) (mg/g) (mg/g) (mg/g) (mmol/m?’s)
Phosphorus (Kg/ha)
0 (Py) 1.03°¢ 0.65¢ 1.69¢ 0.28¢ 240.00 ®
7.5 (P,) 1.22%® 0.77%® 2.00 % 0.35° 224.66"°
15 (P3) 1.32° 0.84% 2.16° 0.40° 248.55°
30 (P, 1.12°% 071" 1.83™ 0.38° 255.66 °
Si- aminochelate (ml/L)
0 (Siy) 1.04° 0.66,° 1.71° 0.34 215.83°
2 (Si) 1.25° 0.79* 2.05°2 0.36 239.50 "
4 (Si) 1.23° 0.77% 2.00° 0.36 271.33°
Phosphorus x Si- aminochelate

P.x Si; 1.04° 0.66 ° 1.70° 0.259 216.00 ™
P,x Si; 1.13° 0.72" 1.85 0.32 % 195.00 ¢
Psx Siy 0.99° 0.64 ¢ 1.63° 0.38 " 227.33 %'
P,x Sif 1:00° 0.63°¢ 1.64°¢ 0.40 ® 225.00 ¢
P.x Si, 1.38 ° 0.87° 2.25° 0.28™ 240.00
P,x Si, 1.10° 0.70 ¢ 1.81° 0.36 « 230.00 *'
Pix Si, 1.48° 0.94° 2.42° 0.44° 253.00 ™
P,x Siy 1.04° 0.66 ¢ 1.70 ¢ 0.37 235.00 *f
P1x Siy 0.67° 0.43° 1.11° 0.31° 264.00 ™
P,x Si; 1.43° 0.90° 2.33° 0.38" 249.00 "o
Psx Siy 1.48° 0.93° 2.41° 0.39" 265.33°
P,x Si, 1.332 0.83%® 2.16 % 0.36 " 307.00 ?

Mean with same letter are not significantly different according to Duncan test (p<0.05)
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Figure 1. The interaction effect of phosphorus fertilizer and Si- aminachelate different levels on total
phosphorus of strawberry.
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Table 3. Variance analysis of yield characteristics of strawberry under different levels of phosphorus
fertilizer and Si- aminochelate

S.0vV df  Single fruit Number of  Total fruit
weight fruit weight
Block 2 0.75™ 1.75™ 21.87™
Phosphorus (P) 3 377817 76.66 41558.04
Errora 6 1.01 1.86 4.66
Si- aminochlate (Si) 2 21.35 0.00"™ 13779.20
PxSi 6 6.04 " 2.00™ 3101.96
Error b 16 2.19 2.45 23.12
CV(%) - 6.57 6.71 0.96

***and ns: Significant at 5% and 1% level probability and no significant, respectively.

Table 4. The main and interaction effects of phosphorus fertilizer and'Si- aminochelate on the yield
characteristics of strawberry

Treatment Single fruit Number of Total fruit
weight fruit weight
(@) (9/plant)
Phosphorus (Kg/ha)
0 (Py) 47.09 ¢ 24,11° 419.51¢
7.5 (P,) 21.74"° 21.44.° 472.95 ¢
15 (P3) 31.81° 20.66 © 572.56°
30 (Ps) 19.43¢ 27.11° 537.12°
Si- aminochlate (ml/L)
0 (Siy) 20.98° 23.33 462.11°¢
2 (Siy) 2324° 23.33 513.34°
4 (Siy) 23.242 23.33 526.15 °
Phosphorus x Si-aminochlate 7
P.x Si; 15.13°¢ 23.33 356.40 '
Psx Si; 19.57 ¢ 22.00 430.80 ¢
Psx Siy 29.96° 20.33 520.33 ¢
P,x.Si; 19.27° 27.66 540.93
P,x Si5 16.40 25.00 418.76 "
P7%.Si, 23.00 ¢ 20.66 487.00
P,x Sig 33.87° 20.33 597.43°
P,x(Si, 19.69° 27.33 550.16 °
P1% Si, 19.75 ¢ 24.00 483.36
P,x Siy 22.66° 21.66 501.06 ©
P3x Siy 31.61% 21.33 599.93 *
P4x Siy 19.35¢ 26.33 520.26 °

Mean withisame letter are not significantly different according to Duncan test (p<0.05)
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Table 5. Variance analysiswef quality characteristics of strawberry under different levels of phosphorus
fertilizer and'Si- aminochelate

S.0Vv df Fruit Fruit Fruit Firmness EC pH TSS
dry length diameter
matter
Block 2 0.35.1 0.02™ 0.03™ 0.12"™ 0.003™  0.021™ 0.16™
Phosphorus (P) 3 2330 " 1157 2397 1546~  0.026~  0.033° 1072”7
Error a 6 0.34 0.07 0.04 0.24 0.001 0.004 0.19
Si- 2 162" 0.40™ 014" 6.10 0.001™  0.008™ 2107
aminochlate
(Si)
PxSi 6 0.82" 0.10"™ 0.05 " 0.73"™ 0.007™ 006" 021"
Error b 16 0.16 0.04 0.04 0.51 0.004 0.007 0.45
CV(%) - 6.32 5.09 5.89 5.21 10.08 2.66 7.80

*** and ns: Significant at 5% and 1% level probability and no significant, respectively.



Table 6. The main and interaction effects of phosphorus fertilizer and Si- aminochelate on quality
characteristics of strawberry

Treatment Fruit Fruit Firmness EC pH TSS
length diameter (N) (dS/m) (%)
(cm) (cm)
Phosphorus (Kg/ha)

0 (Py) 3.77° 3.00° 11.98°¢ 0.64° 3.08° 7.66°

7.5 (P,) 4.06° 3.20° 13.98"° 0.75 2 3.18% 9.43°2

15 (P3) 462° 4.16° 15.13% 0.69° 311" 9.66 2

30 (P,) 4.04° 3.23° 14.02° 0.63° 3.21° 7.66°

Si- aminochelate (ml/L)

0 (Siy) 3.96° 3.28° 12.95° 0.67 37 8.13°

2 (Siy) 432° 350° 14.13°2 0.67 3.12 8.75°

4 (Sis) 4.09° 3.40%® 14.24*° 0.69 343 8.932

PhosphorusxSi-aminochelate

P.x Siy 3.48 2.86 10.95 0.62 3.11 " 7.35

P,x Si; 3.69 3.23 13.58 0.74 3.04¢ 8.75

Psx Siy 4.60 3.93 14.52 0.65 331° 8.90

P,x Siy 4.08 3.12 12.78 0.69 3.25 ¢ 7.55

P.x Si, 4.09 3.19 12.15 065 310 7.70

P,x Si, 4.27 3.24 14.04 0.78 3.13 9.70

Psx Si, 4.82 4.40 15.22 0.67 3.02¢ 10.00

P,x Si, 4.12 3.19 15112 0.59 3.26%® 7.60

P.x Sis 3.74 2.97 42.85 0.66 3.03¢ 7.95

P,x Sis 4.23 3.13 14182 0.73 3.37° 9.85

P3x Sis 4.45 4.15 15.65 0.77 3.00¢ 10.10

P,x Sis 3.93 3.38 14.17 0.62 3.13 7.85

Mean with same letter are not significantly different acecording to Duncan test (p<0.05)
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Figure 1. Interaction effect of different levels of phosphorus fertilizer and Si-aminochelate on fruit dry
matter percentage of strawberry
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