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Abstract

Background and Objective: Growing media are essential for non-chemical
strawberry cultivation in greenhouses. This experiment aims to study the
effect of dried azolla replacing peat moss in growing media on the growth

and yield of non-chemical strawberries in greenhouse conditions.

Methodology: A completely randomized design was implemented using five
growing media treatments as follows: 1) soil: charcoal husk: peat moss (2:1:1),
2) soil: charcoal husk: dried azolla (2:1:1), 3) soil: dried azolla (3:1), 4) soil: dried
azolla (4:1), and 5) soil: dried azolla (5:1). Each treatment was supplemented
with manure, bat guano, and potash minerals according to the analysis values.

Growth, yield, and quality of the produce were recorded.

Main Results: Strawberry plants grown in soil: dried azolla (4:1) exhibited the
highest height, canopy size, number of leaves, fruit weight, fruit width,
fruit weight per plant, flesh firmness, and total soluble solids content with
statistically significant values of 27.48 cm, 36.96 cm, 12 leaves, 8.68 ¢, 2.56
cm, 115.92 ¢, 0.52 kg, and 10.79 percent brix, respectively. For fruit length
and the number of fruits per plant, there were no significant differences

among all treatments.

Conclusions: Dried azolla can replace peat moss in the growing media for
non-chemical strawberry cultivation. The optimal ratio is soil: dried azolla
(4:1), combined with the addition of 142 ¢ of manure and 4.3 g of bat guano
per plant.
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Table 1 Nutrition values of manure, bat guano and potash minerals analysis

Parameter Manure Bat guano Potash minerals
pH 7.80 3.96 -
OM (%) 49.28 16.81 -

N (%) 244 1.33 -

P (%) 0.80 3.32 -

K (%) 0.22 1.51 14.06
Ca (%) 3.01 5.88 0.25
Mg (mg/ke) 0.66 0.11 69,480.00
Mn (mg/kg) 445.67 594.50 -

Fe (%) 0.85 2.37 -

Cu (mg/kg) 75.46 373.15 -

Zn (me/kg) 159.42 531.04 -

Na (me/ke) - - 75,297.00
NaCl (%) - - 17.20

OM = organic matter.
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Table 2 Nutrition values of five types of growing media

Parameter  Soil: charcoal Soil: charcoal Soil: dried  Soil: dried  Soil: dried Strawberry
husk: peat  husk: dried azolla azolla azolla azolla nutrient
moss (2:1:1) (2:1:1) (3:1) (4:1) (5:1) requirements

pH 5.78 6.75 6.67 6.68 6.62 5.3-6.5

OM (%) 6.34 3.81 4.47 a.64 4.34 2-3

N (%) 0.25 0.13 0.13 0.12 0.12 N/A

P (mg/ke) 172.00 161.03 75.62 83.45 68.83 67-90

K (mg/ke) 354.00 935.63 768.75 618.13 583.00 630-720

Ca (me/ke) 3,791.25 2,197.50 2,305.00 2,527.50 2,448.75 N/A

Mg (mg/ke) 331.13 287.50 290.75 274.13 239.50 280

Mn (mg/ke) 51.16 65.40 86.44 74.28 72.04 N/A

Fe (mg/kg) 89.10 3991 55.85 56.45 55.37 N/A

Cu (mg/ke) 4.00 4.00 4.40 4.76 4.69 N/A

Zn (mg/kg) 3.66 0.82 0.80 1.59 1.28 11-13.5

Table 3 Manure, bat guano and potash minerals application per plant, calculated from the nutrition values of

growing media and strawberry nutrient requirements

At the bottom Applied 1 month Harvest beginning
of planting after planting (Separate for
Growing media holes (Separate for 4 times) 4 times)*

Manure (g)  Manure (g) Bat guano (g) Potash minerals (g)

Soil: charcoal husk: peat moss (2:1:1) 100 35 4.0 ar
Soil: charcoal husk: dried azolla (2:1:1) 100 a1 2.0 42
Soil: dried azolla (3:1) 100 a1 a.7 43
Soil: dried azolla (4:1) 100 a2 4.3 a4
Soil: dried azolla (5:1) 100 a2 a.7 a5

* Applied once a week for 4 times, the first time was the first harvesting day
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Figure 1 Three months after 1* planting of strawberry plants showed blight symptom after 1* potash mineral

application in 2022

Table 4 Plant height, canopy size and number of leaves of strawberry plants at 3 months after planting in

different types of growing media at Chiang Mai Agricultural Research and Development Center in 2023

Growing media

Height (cm)

Canopy size (cm) Number of leaves

Soil: charcoal husk: peat moss (2:1:1) 26.63 + 1.68" 3234 + 2.51° 11.00 + 2.14°
Soil: charcoal husk: dried azolla (2:1:1) 26.92 + 2.68%" 33.35 + 3.61° 10.00 + 1.22°
Soil: dried azolla (3:1) 25.13 + 0.93° 33.93 + 0.43° 9.00 + 0.58°
Soil: dried azolla (4:1) 27.48 + 3.13° 36.96 + 3.32° 12.00 + 0.79°
Soil: dried azolla (5:1) 26.15 + 0.38% 34.11 + 1.03° 10.00 + 0.41"
P-value 0.0009 0.0053 0.0024

CV (%) 12.38 11.12 20.51

Means within the same column followed by different superscript letters (a, b, c) are significantly different

based on a Duncan’s multiple range test at P < 0.05. Values are presented as mean + standard deviation. CV =

coefficient of variation.
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MN9adiA (P < 0.05; Table 6)



Table 5 Fruit weight, fruit size, number of fruit/plant and fruit weight/plant of strawberry plants grown in different

types of growing media at Chiang Mai Agricultural Research and Development Center in 2023

Fruit size
Growi i Fruit weight Number of  Fruit weight/
rowing media i
s (9) Width Length fruits/plant plant (g)
(cm) (cm)

Soil: charcoal husk: peat moss (2:1:1)  8.09 + 0.72° 251 + 0.10" 2.80 + 0.16 15.00 + 2.03  89.00 + 22.47°
Soil: charcoal husk: dried azolla (2:1:1)  7.88 + 0.27° 2.48 + 0.04° 2.77 + 0.08 14.00 + 258  86.20 + 12.53°

Soil: dried azolla (3:1) 8.11+0.11° 250 +0.06® 2.80 +0.08 14.00 + 1.11  94.84 + 5.64"
Soil: dried azolla (4:1) 8.68 + 0.28° 256 +0.06° 281 +0.06 1500+ 1.66 11592 + 11.42°
Soil: dried azolla (5:1) 776 £0.28° 244 +0.02° 2.77+008 13.00+ 195 103.40 + 10.88"
P-value 0.0012 0.0165 0.6904 0.394 0.0237
CV (%) 29.77 13.52 12.41 25.31 28.96

Means within the same column followed by different superscript letters (a, b, c) are significantly different
based on a Duncan’s multiple range test at P < 0.05. Values are presented as mean + standard deviation. CV =

coefficient of variation.

,,,,,,,

Figure 2 Strawberry fruits derived from five different types of growing media in 2023: (A) soil: charcoal husk: peat
moss (2:1:1), (B) soil: charcoal husk: dried azolla (2:1:1), (C) soil: dried azolla (3:1), (D) soil: dried azolla
(4:1), and (E) soil: dried azolla (5:1).

Figure 3 Fruit setting of strawberry from five different type of growing media in 2023: (A) soil: charcoal husk: peat
moss (2:1:1), (B) soil: charcoal husk: dried azolla (2:1:1), (C) soil: dried azolla (3:1), (D) soil: dried azolla
(4:1), and (E) soil: dried azolla (5:1).
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Table 6 Firmness and total soluble solids of strawberry fruits grown in different types of growing media at

Chiang Mai Agricultural Research and Development Center in 2023

Growing media

Fruit firmness (kg)

Total soluble solids (%Brix)

Soil: charcoal husk: peat moss (2:1:1) 0.52 + 0.00° 10.19 + 0.53"
Soil: charcoal husk: dried azolla (2:1:1) 0.51 +0.01% 10.45 + 0.41%°
Soil: dried azolla (3:1) 0.50 + 0.01° 10.47 + 0.12%
Soil: dried azolla (4:1) 0.52 + 0.01° 10.79 + 0.25°
Soil: dried azolla (5:1) 0.50 + 0.01° 10.51 + 0.29%
P-value 0.0037 0.018

CV (%) 13.59 17.00

Means within the same column followed by different superscript letters (a, b) are significantly different based on
a Duncan’s multiple range test at P < 0.05. Values are presented as mean + standard deviation. CV = coefficient

of variation.
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