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Abstract

Introduction

Most soils in Iran are calcareous, characterized by high pH levels that significantly reduce
phosphorus availability to plants. In such soils, phosphorus is rapidly absorbed near the root
surface, leading to a depletion zone of 0.2-1 mm around the root where phosphorus becomes
scarce. A key adaptive response to phosphorus deficiency is the exudation of organic acid anions
from plant roots, which enhance phosphorus solubility. Recent evidence indicates that silicon
application can significantly increase the secretion of these organic acids by roots. Research has
demonstrated a positive correlation between silicon availability and phosphorus mobility within
plants. Moreover, exogenous silicon application can improve the activation and release of
phosphorus from mineral surfaces in the soil. Given the global scarcity of phosphorus resources,
its limited mobility in soil, rising costs, and concerns over excessive usage, it is essential to
conduct studies on phosphorus fertilizers aimed at enhancing phosphorus uptake and improving
fruit quality in greenhouse crops.

Materials and Methods
The experiment was conducted as a split-plot arrangement based on a randomized complete
block design (RCBD) with three replications under greenhouse conditions. The main plot
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consisted of four levels of phosphorus fertilizer application (0, 7.5, 15 and 30 Kg ha!). The sub-
plot included three levels of foliar-applied silicon aminochelate (0, 2 and 4 m1 L-!). chlorophyll a,
chlorophyll b, and total chlorophyll were measured in fully expanded mature leaves using a
spectrophotometer. Phosphorus content was determined by the colorimetric method. Throughout
the experimental period, strawberry fruits from each treatment were harvested and counted.
Individual fruit weight was measured using a digital scale with 0.01 g precision. The total fruit
weight per plant was calculated as the cumulative weight of all harvested fruits during the growth
cycle. The fruit dry matter percentage was calculated by dividing the dry weight by the fresh
weight of the sample multiplied by 100. Fruit length and diameter were measured with calipers
and expressed in centimeters. Fruit firmness was measured using a firmness tester. The pH and
electrical conductivity (EC) of fruit juice were measured using a pH meter and an EC meter,
respectively. Total soluble solids (TSS) content was measured using a handheld refractometer
and reported as a percentage.

Results and Discussion

The results indicated that the application of 15 Kg ha! of phosphorus combined with 2 ml L-! of
silicon aminochelate resulted in the highest levels of chlorophyll a, chlorophyll b and total
chlorophyll. The maximum whole-plant phosphorus concentration (0.98%) was also obtained
under this treatment. According to the mean comparisons, the highest total fruit weight (599 g per
plant) was observed with 15 Kg ha'! phosphorus and 4 ml L-! silicon aminochelate. This was
statistically similar to the treatment with 15 Kg ha'! phosphorus and 2 ml L of silicon
aminochelate. These two treatments led to a 67.62% and 68.33% increase, respectively, in total
fruit weight compared to the control treatment (0 kg ha-! phosphorus and 0 ml L-! of silicon
aminochelate). The highest fruit dry matter percentage (7.38%) was also obtained with 15 Kg ha-!
phosphorus and 2 ml L' silicon aminochelate treatment, which was not significantly different
from the 4 ml L silicon aminochelate treatment (6.97%) at the same phosphorus level.
Numerous studies have shown that foliar application of silicon enhances chlorophyll content and
fruit yield. Silicon promotes the secretion of organic acids such as malate and citrate from the
roots, facilitating greater phosphorus mobilization and uptake, particularly under phosphorus-
deficient conditions.

Conclusion

Based on the findings of this study, the combined application of 2 ml L-!in silicon aminochelate
and 15 Kg ha'! of phosphorus (as monopotassium phosphate) is recommended to optimize
growth, yield and fruit quality in greenhouse-grown strawberries.
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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.0.V df Chlorophyll Chlorophyll Total Carotenoid Stomatal Total
a b Chlorophyll content conductance  phosphorus
content content content

Block 2 0.02 ns 0.01ns 0.07 ns 0.000 ns 1408.36 ** 0.001 ns
Phosphorus (P) 3 0.13 ™ 0.05™ 036" 0.025 ** 1602.00 ** 024"
Error a 6 0.011 0.004 0.03 0.0002 285.02 0.0008
Si- aminochlate (Si) 2 0.15* 0.05 " 041" 0.001ns 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 content b content Chlorophyll Carotenoid conductance
(mg g (mg g content (mg g') content(mgg') (mmol m?s!)
Phosphorus (Kg ha-!)
0 (P1) 1.03¢ 0.65¢ 1.69¢ 0.284 240.00 2
7.5 (P2) 1.22 % 0.77 ab 2.00 2 035¢ 224.66°
15 (P3) 1.32¢2 0.842 2.164 0402 248.551
30 (Ps) 1.12 be 071 be 1.83 be 0.38° 255.66 2
Si- aminochelate (mL L)
0 (Si1) 1.04° 0.66° 1710 0.34 215.83¢
2 (Si2) 1258 0.79 2 2.054 0.36 239.50°
4 (Si3) 1232 0.772 2.008 0.36 271338
Phosphorus x Si-
aminochelate
P1x Siy 1.04° 0.66 ¢ 1.70 ¢ 0.25¢ 216.00 fe
P>x Siy 1.13° 0.72 be 1.85 be 0.32 de 195.00 ¢
P3x Si; 099" 0.64 ¢ 1.63¢ 0.38 be 227.33 def
P4x Siy 1.00° 0.63¢ 1.64¢ 0.40 2 225.00 °f
P1x Siz 1383 0.872 2254 0.28 fe 240.00 edef
P>x Siz 1.10° 0.70 ¢ 1.81°¢ 0.36 < 230.00 def
P3x Siz 1483 0.942 2423 0442 253.00 bed
P4x Siz 1.04° 0.66°¢ 1.70 ¢ 0.37 bed 235.00 def
P1x Sis3 0.67°¢ 0.43 4 1114 0.31¢f 264.00 be
P>x Sis3 1432 0902 2.33a 0.38 be 249.00 bede
P3x Si3 1482 0932 2414 0.39 be 26533 "
P4X Sis3 1.332 0.83 2.16% 0.36 bed 307.00 2

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- aminochelate 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.0.vV df Single fruit  Number of  Total fruit
weight fruit weight
Block 2 0.75ns 1.75ns 21.87ns
Phosphorus (P) 3 377.81* 76.66 ™" 41558.04 ™
Error a 6 1.01 1.86 4.66
Si- aminochlate (Si) 2 21.35™ 0.00 s 13779.20 **
PxSi 6 6.04 ™ 2.00 ns 3101.96 ™
Error b 16 2.19 245 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
() (gplant™)
Phosphorus (Kg ha-!)
0 (P1) 17.09 ¢ 24.11° 419.514
7.5 (P2) 21.74% 21.44¢ 472.95¢
15 (P5) 31818 20.66 © 572.562
30 (Ps) 19.43 ¢ 27112 537.12°
Si- aminochlate (mL L)
0 (Si1) 20.98 " 23.33 462.11°¢
2 (Si2) 23.24 2 23.33 513.34°
4 (Sis) 23248 23.33 526.152
Phosphorus x Si-aminochlate
Pix Siy 15.13¢ 23.33 356.40
P>x Siy 19.574 22.00 430.80 ¢
P3x Siy 29.96 20.33 520.334
P4x Siy 19.274 27.66 54093 ¢
P1x Siz 16.40 ¢ 25.00 418.76 1
P2x Siz 23.00 ¢ 20.66 487.00 f
P3x Siz 33874 20.33 597432
P4x Siz 19.69 ¢ 27.33 550.16°
P1x Si3 19.75 4 24.00 483.36 F
P2x Sis3 22.66 ¢ 21.66 501.06¢
P3x Sis3 31.61%® 21.33 599.932
P4% Sis3 19.354 26.33 520.26 4

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

S.0.V df Fruitdry Fruit Fruit Firmness EC pH TSS
matter length  diameter
Block 2 0.35ns 0.02 ns 0.03 ns 0.12 ns 0.003 " 0.021"  0.16™
Phosphorus (P) 3 230" 1.15™ 239 ™ 1546™ 0.026™ 0.033* 10.72*
Error a 6 0.34 0.07 0.04 0.24 0.001 0.004 0.19
Si-aminochlate (Si) 2 1.62™ 0.40 ™~ 0.14~ 6.10™ 0.001 ™ 0.008™  2.10"
PxSi 6 0.82™ 0.10 ns 0.05 ns 0.73 ns 0.007"  0.06 ™ 0.21 s
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) (dSm™) (%)
(cm) (cm)
Phosphorus (Kg ha!)
0 (P1) 3.77° 3.00° 11.98¢ 0.64°¢ 3.08¢ 7.66°
7.5 (P2) 4.06° 3200 13.98° 0.75¢ 3.182 9432
15 (P3) 4.624 4.164 15.13 2 0.69° 3.11be 9.662
30 (Pa) 4.04° 3230 14.02® 0.63¢ 32182 7.66°
Si- aminochelate (mL L)
0 (Sir) 3.96° 3.28% 12.95° 0.67 3.17 8.13°
2 (Si2) 4322 3.50¢@ 14.138 0.67 12 8752
4 (Si3) 4.09° 3.40 2 14.24 2 0.69 8932
PhosphorusxSi-
aminochelate
P1x Siy 3.48 2.86 10.95 0.62 3.11 bed 7.35
P>x Siy 3.69 323 13.58 0.74 3.044 8.75
Psx Sij 4.60 3.93 14.52 0.65 3312 8.90
P4x Siy 4.08 3.12 12.78 0.69 3.25 abe 7.55
Pix Siz 4.09 3.19 12.15 0.65 3.10 < 7.70
P2x Siz 4.27 3.24 14.04 0.78 3.13 bed 9.70
Psx Siz 4.82 4.40 15.22 0.67 3.024 10.00
P4x Siz 4.12 3.19 15.12 0.59 32649 7.60
P1x Si3 3.74 297 12.85 0.66 3.034 7.95
P2>x Si3 4.23 3.13 14.32 0.73 3372 9.85
P5x Si3 4.45 4.15 15.65 0.77 3.004 10.10
P4X Si3 3.93 3.38 14.17 0.62 3.13 bed 7.85

Mean with same letter are not significantly different according to Duncan test (p <0.05).
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Figure 2. Interaction effect of different levels of phosphorus fertilizer and Si-aminochelate on fruit
dry matter percentage of strawberry.
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