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Table 1. Materials and concentrations used to prepare Hoagland and Morgan base solutions.

Hoagland 1S sa

Morgan 08 4

Macrf)nutrients Stock solution Final solution Stock solution Final solution
bagdraccd s (gL (mg L) (gL (mg L)
KH2PO4 136 136 51.37 51.37
KNO;3 101 505 70.73 353.65
Ca (NO3).4H20 236.15 1180.7 105.83 529.15
MgS04.7H20 246.48 492.9 83.33 166.66
Micronutrients
Lagdae 3
H3BO4 1.54 1.54 0.575 0.575
MnCl2.4H20 0.396 0.396 1.666 1.666
ZnS04.5H20 0.5 0.5 0.142 0.142
CuS04.5H20 0.124 0.124 0.056 0.056
H2Mo04.H20 0.9 0.9 0.128 0.128
Iron Q,ﬂ
FeEDTA 10 10 3.33 3.333
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Table 2. Variance analysis of the effect of different nutrient solutions on growth characteristics of strawberry plants.

Sl Sle

Mean of squares

UJ)‘ P . NER T - s .
ki < Sposlas pll e 0 S 055 T P 56 0is ey Ol sl
] (’U';‘ ] ) S5 ki ) S Degree of Sour_ce.s of
Gsb o503 S glse ) - Sy 2l ) freedom variation
Crown s Leaf Shoot dry weight Root dry Shoot fresh Root fresh
. weight per . weight per
diameter Shoot number per plant weight per plant
height plant plant
s
0.07" 34.59* 2.52% 1.190% 0.180%* 86.68* 38.36* 4 o
Treatment
bl gl
0.58 7.44 0.43 0.009 0.005 0.55 0.75 10 el S
Error
Syt g 2
6.88 10.98 11.48 5.810 6.830 8.90 9.44 - Coefficient of
variation

Lea (Gl e e fl 5 Ao s 0 JL&\CEM)AJB‘;;‘AJJ!JKJQ%);@HS}-:EE

* and ns mean significant effect at 5% probability level and non-significant effect, respectively.
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Table 3. Mean comparisons of the effect of different nutrient solutions on the growth characteristics of strawberry plants.

SEs O SEs O el o3l 05 36 O3
G5k ki Jor el gl 0 SaeHE s Rl e D ek el e S) Slad sl
(el (CE) £ (€5 5505 (€5 (€555 (€5 s
Crown diameter Shoot height (cm) Leaf nulmber Shoot dry Root dry Shoot fresh Root fresh N;ltr'lent
(cm) per plant weight (g per  weight (g per  weight (g per  weight (g per solutions
plant) plant) plant) plant)
ity
10.98a 21.45b 5.66b 1.33¢c 1.40a 6.7c 9.23b om0
Morgan
51y |
10.95a 21.92b 4.66b 0.99d 0.75¢ 47d 15.15a OB A 3
Double-Morgan
. Lf .
11.36a 28.12a 5.83b 1.87b 1.25a 9.8b 8.60bc Omo
Half-Morgan
ULy
11.08a 24.04ab 5.33b 1.69b 1.10b 8.5b 7.14cd >
Hoagland
NULY ;
11.10a 28.69a 7.16a 2.66a 1.06b 11.7a 5.85d >
Half-Hoagland

J—<.f> Obes

In each column, means with similar letters are not significantly different (Duncan, p < 0.05).
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Table 4. Variance analysis of the effect of different nutrient solutions on morphophysiological characteristics of strawberry fruit.

Sl Sl
Mean of squares )
oo S| s - m‘“ L‘
U'DL“’ U'DL"” Jal> Jb,a 6:\ i P adied
) s & el U S 4 - Sources of
Shisys Loy S A Al s J gl = o=l T Degree of variation
Lightness Chroma Hue angle Vitamin C Soluble Total acid pH Firmness  freedom
indicant indicant solids
Lo
13.99™ 0.005™ 15.04™ 915.12* 3.760* 0.0220* 0.010™ 0.019™ 4 o
Treatment
flosT gl
16.52 0.003 17.15 167.19 0.296 0.0006 0.017 0.013 10 oS
Error
e
13.34 13.880 12.42 24.18 12.120 6.0600 3.710 8.460 - O s
Coefficient of
variation
s (gl pxe e Sl 5 ds ;3 O Jlez| CEM)} J\skj;ujjl_}fjlﬁ S Sans g
* and ns mean significant effect at 5% probability level and non-significant effect, respectively.
A5 e S S il LI lad e 1 Sl anslis 0 J g
Table 5. Mean comparisons of the effect of different nutrient solutions on strawberry fruit characteristics.
el ool & el Lol ol 5o Js el ™ slad sl
Saisys Ly 2l mg100ml) (/) e @ oSl (kgflem?) Ll
Lightness Chroma Hue angle Vitamin C Soluble Total acid pH Firmness Nutrient
indicant indicant (mg/100ml) solids (%) (%) (kgf/cm?) solutions
S|y
30.58a 0.41a 30.45a 83.40a 5.70a 0.15a 3.56a 1.42a om0
Morgan
O 5e ol 52
31.99a 0.47a 32.30a 51.03b 0.03¢ 0.10c 3.63a 1.21a Double-
Morgan
. Lf .
29.66a 0.43a 35.27a 49.08b 4.33b 0.17a 3.52a 1.37a Omo
Half-Morgan
NHLY
27.29a 0.36a 32.75a 37.93b 3.86bc 0.11bc 3.60a 1.39a >
Hoagland
32.83a 0.43a 35.90a 45.85b 5.5a 0.12bc 3.48a 1.39a
Half-Hoagland
el S5l 0031 bl sy O Jlaz| s 0 LapSSle sl D3 I e b psghe 4 Ot o 3 Ll Gy >
In each column, means with similar letters are not significantly different (Duncan, p < 0.05).
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Abstract

In order to investigate the effect of nutrient solution type and concentration on physiological and
morphological characteristics of strawberry cultivar ‘Parus’ in hydroponic culture (75% volumetric perlite +
25% volumetric cocopeat), an experiment using a completely randomized design with three replications was
conducted. The growth media included Full-Strength Morgan (FSM), Double Strength Morgan (DSM), Half-
Strength Morgan (HSM), Full-Strength Hoagland (FSH), and Half-Strength Hoagland (HSH). The results
showed that nutrient solution type had significant effects on plant growth characteristics and quality of
strawberry fruit, so that the highest number of leaves (7.16 per plant), shoot height (28.62 cm), fresh weight
(11.70 g per plant) and dry weight (2.66 g per plant) of the shoot were related to the HSH treatment. But, the
highest fresh weight (15.15 g per plant) and dry weight (1.40 g per plant) of roots were obtained in DSM and
FSM treatments, respectively. Fruits of plants treated with FSM nutrient solution had the highest amount of
vitamin C (83.4 mg/100 ml of extract) and total soluble solids (5.7%), while HSM produced the highest
titrable acidity (0.17%). Nutrient solutions had no significant effect on crown diameter, and pH, firmness and
color of the fruits. Therefore, HSH treatment is recommended for vegetative phase because it improves the
growing conditions with less water and nutrients used. With FSM and HSM treatments, fruits with higher
quality were obtained. Also because MFS nutrient solution produced more vitamin C (as a powerful
antioxidant) and soluble solids (as a flavoring agent), this nutrient solution is recommended for the
reproductive growth phase.

Keywords: Total acid, Soluble solids, Morgan, Vitamin C, Hoagland.

Background and Objective: Strawberry is one of the most economically and nutritionally important fruits
in the world, and some of its cultivars are grown in greenhouses or farms. In greenhouse crops, especially in
hydroponic cultures, nutrient solutions have a significant impact on plant growth, development and quality
(5). For each cultivar and for each growth stage, the optimal concentration of the nutrient solution must be
determined to achieve maximum performance per unit area (2). In order to investigate the effect of nutrient
solution type and concentration on physiological and morphological characteristics of strawberry cultivar
‘Parus’ in hydroponic culture, an experiment with a completely randomized design and three replications
was performed.
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Methods: Strawberry seedlings were prepared and planted as 2 seedlings in each pot (75% volumetric perlite
+ 25% volumetric cocopeat). After establishment of the plants in the growth media (one week), nutrient
solution treatments Full-Strength Morgan (FSM), Double-Strength Morgan (DSM), Half-Strength Morgan
(HSM), Full-Strength Hoagland (FSH), and Half-Strength Hoagland (HSH) (4) were given twice a day (200
ml per pot) and the characteristics of the plants and fruits were examined after three months of cultivation.
Fresh and dry weights of shoots and roots, crown diameter, and plant height were measured using scales with
an accuracy of 0.001, caliper, and ruler, respectively; and the number of leaves was counted. Color indices of
fruit including lightness (L*), red-green (a*) and blue-yellow (b*) were measured using a colorimeter.
Chroma and hue angle were estimated by these indices. Fruit firmness was measured by a firmness meter
with an 11 mm probe and expressed in kgf/cm?. For extraction, 10 g of fruit was crushed in 90 ml of distilled
water and passed through a strainer. The pH was measured by a pH-meter and titratable acidity was estimated
through titration with phenolphthalein and expressed as percentage of citric acid. Vitamin C content was
estimated through titration with a solution containing 1.6 g L iodine and 16 g L' potassium iodine and
expressed as mg in 100 ml of extract. Total soluble solids content was measured by a refractometer. Data
were analyzed by SAS software for analysis of variance. The means were compared with Duncan test at 5%
probability level.

Results: The type and concentration of nutrient solutions had different effects on plant growth characteristics
and quality of strawberry fruit, so that the highest number of leaves (7.16 per plant), shoot height (28.62 cm),
fresh weight (11.70 g per plant) and dry weight (2.66 g per plant) of the shoot were related to the HSH
treatment. But, the highest fresh weight (15.15 g per plant) and dry weight (1.40 g per plant) of roots were
obtained in DSM and FSM treatments, respectively. Fruits of plants treated with FSM nutrient solution had
the highest amount of vitamin C (83.4 mg/100 ml of extract) and total soluble solids (5.7%), and HSM
treatment produced the highest titratable acidity (0.17%). Nutrient solutions had no significant effect on
crown diameter, and pH, firmness and color of fruit.

Discussion: Adjusting the concentration of nutrient solutions at different stages of plant development allows
breeders to avoid excess water consumption in greenhouse. Herein, lower nutrient concentrations, namely
HSH, provided higher vegetative growth of aerial parts. It is reported that high amounts of some ions lead to
a decrease in photosynthesis and plant weight by creating salinity stress in the root environment. Also, high
and inappropriate concentrations of nutrients can reduce plant growth by causing toxicity (3). Morgan
solution at full strength resulted in the highest amount of vitamin C and total soluble solids, while HSM
treatment produced the highest titratable acidity. Improvement of fruit quality characteristics in these
treatments was probably due to the appropriate concentration of some elements such as boron, calcium,
magnesium, phosphorus, nitrogen and potassium, which are mostly consumed by plants during the fruiting
period. Usually, with increasing the concentration of elements in the culture medium, the content of soluble
solids and concentration of carbohydrates in the fruit increase due to the reduction in water uptake (1). Based
on the results, HSH and FSM solutions are recommended for the vegetative and generative phases,
respectively.
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