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Evaluation of Mass Balance Method to Determine Nutrients

Concentration of Substitutional Solution in Soilless Closed
Hydroponic System of Greenhouse Cucumber
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Table 1. The optimal level of leaf nutrients in greenhouse cucumber (third to fourth full mature and developed
leaves from the end growing point) in three stages of growth (10).

(02l 23 Jslone) (52 VY b adyl (g 0,
Initial growth up to 12 leaves (Initial nutrient solution)

N (%) P (%) K (%) Ca (%) Mg (%) S (%)
4.50-6.00 0.34-0.75 3.90-5.00 1.40-3.50 0.30-1.00 0.40-0.70
Fe (mg L) Mn (mg L) Zn (mg L) Cu(mg L") B (mg L") Mo (mg L)
50-100 50-100 20-60 5-25 25-65 0.2-0.8

(205 5l 8 piag) aloyo 5o a3l 2l Jolowe) (oiag; 03,
Vegetative growth (substitutional nutrient solution at vegetative stage before blooming)

N (%) P (%) K (%) Ca (%) Mg (%) S (%)
4.50-6.00 0.30-0.70 1.50-2.50 2.20-4.50 0.45-0.75 0.30-0.80
Fe (mg L) Mn (mg L) Zn (mg L) Cu(mg L) B (mg L) Mo (mg L)
50-100 30-100 20-60 5-25 25-65 0.3-1.0

(5 9,5 )0 sl alye ,o 0l (238 Joloee) (s2al; 05,
Reproductive growth (substitutional nutrient solution at reproductive stage in early blooming stage)

N (%) P (%) K (%) Ca (%) Mg (%) S (%)
2.50-5.00 0.30-0.70 2.50-3.50 1.50-3.50 0.35-0.65 0.30-0.80
Fe (mg L) Mn (mg L) Zn (mg L) Cu (mg L") B (mg L") Mo (mg L)
50-100 30-100 20-60 5-25 25-65 0.3-1.0
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Table 2. The basic Stock nutritional solution used for greenhouse cucumber.

A U olie Jolor B Sib olae Jokxa
Tank A nutrient solution Tank B nutrient solution
Calcium nitrate solid 8 ke Potassium nitrate 55 kg
Potassium nitrate 18 kg Monopotassium phosphate 11 ke
Iron EDDHA 6% 1396 g Magnesium sulphate 16% MgO 34 kg
Manganese EDTA 12.8% 429 o Monoammonium phosphate 5 ke
Copper EDTA 14.8% 32 g Sodium molybdate 39.6% 12 g

The amount of fertilizers is calculated for a volume of 1000 liters and a 100-fold concentrated nutrient solution.
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Table 3. Average concentration of leaf macronutrients in different growth stages of greenhouse cucumber cultivar
Socrates (Negin).

o los 3, Jolye N P K Ca Mg S
Treatments Growth stages (%) (%) (%) (%) (%) (%)

S b olae Jslxe adgl 0y
Basic nutrient solution (S1) Initial growth
adsgl o)

3.46 0.31 2.53 0.64 0.25 0.32

. 6.14 1.35 5.18 0.54 0.26 0.41
Initial growth

TSRS
AR AENES Vegetative 5.94 1.24 3.23 1.04 0.31 0.34
Substitutional solution (S1) growth
el oo,
Reproductive 5.63 1.22 3.34 0.79 0.32 0.40
growth
adsl o,
. 5.98 1.53 5.78 2.74 0.89 0.64
Initial growth
gy 28
Y Rl Joloe Vegetative 5.54 1.32 2.37 3.87 0.74 0.76
Substitutional solution (S2) growth
el o,
Reproductive 4.92 0.75 3.17 3.18 0.71 0.72
growth
adsl o,
. 5.02 0.94 4.25 1.97 0.63 0.57
Initial growth

gy S,
Y oSl Jele Vegetative 4.62 0.81 1.59 2.67 0.52 0.48
Substitutional solution (S3) growth
el o,

growth
adsl o)
. 4.56 0.98 3.97 2.61 0.66 0.59
Initial growth
gy M,
¥ oSl Jele Vegetative 4.86 0.83 2.42 2.84 0.68 0.52
Substitutional solution (S4) growth
el 2o,
Reproductive 3.76 0.52 2.83 2.67 0.73 0.69
growth
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Table 4. Average concentration of leaf micronutrients in different growth stages of greenhouse cucumber cultivar

Socrates (Negin).
Jow; Ay Jolye Fe Mn Zn Cu B Mo
Treatments Growth stages (g LY (mg L) (mgLhh (mgL!) (mgL') (mgL")

S aly olié Jobns adsl 0,
Basic nutrient solution (S1)  Initial growth
adgl o
Initial growth
gy &b,
S sSele Jsbe Vegetative 65.24 88.21 2451 5.47 20.45 0.32
Substitutional Solution (S1) growth
U]
Reproductive 72.15 94.61 25.74 4.98 23.08 0.33

growth
adgl 03,

73.45 62.7 27.65 7.84 16.47 0.34

79.14 95.46 214 6.57 19.12 0.37

. 95.41 120.43 54.87 15.41 57.56 0.76
Initial growth

gy 3,
(82) (5l Jole Vegetative 89.47 114.25 66.41 2341 64.23 0.74
Substitutional Solution (S2) growth
il 2,
Reproductive 94.25 103.42 58.49 21.44 67.12 0.67
growth
adsl o,
Initial growth

gy 3,
(S3) sSele Jslxe Vegetative 68.54 83.56 43.16 17.76 48.72 0.54
Substitutional Solution (S3) growth

78.34 90.35 44.23 13.47 45.63 0.58

sily o,
Reproductive 69.05 88.12 42.08 16.33 46.92 0.47

growth
adsl o,
-, 76.07 81.60 33.85 9.41 35.36 0.45
Initial growth
gy &b
S4) sSole Jsbe Vegetative 65.07 72.17 39.84 10.76 44.06 0.41
Substitutional Solution (S4) growth
U]
Reproductive 66.07 79.82 41.12 13.93 43.75 0.44
growth
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Table 5. Mean comparison of leaf photosynthetic indices in different growth stages of greenhouse cucumber
cultivar Socrates (Negin).

Tl gt Jaks G Jade Giwsis ol B pae ) o
Net Transpiration s slabd ol 5l
L ) ol photosynthetic rate ¢ Instantaneous water
e )T rate (E Instantaneous water requirement
(Pnimax, pumolH20-m2.s° use efficiency (umolH20)/molCO2)
umolCO>'m 2's™!) N (umolCO2)/(umolH20)
adsl o,
.\ 8.2h 2.57e 3.15¢ 321.8¢
Initial growth
iRl Jsl=e gy N,
S1) Vegetative 6.231 2.26e 2.84d 358.5b
Substitutional growth
Solution (S1) aly 0,
Reproductive 10.46g 3.92d 2.62d 389.2a
growth
adsl o,
. 11.84fg 2.42¢ 4.94ab 209.7d
Initial growth
iRl Jsl=e gy b,
(S2) Vegetative 13.42¢ 2.63¢ 5.05a 199.8d
Substitutional growth
Solution (S2) ey o,
Reproductive 14.35de 2.95¢ 4.87b 202.1d
growth
adgl o,
L. 16.36¢ 4.84d 3.34c 291.5¢
Initial growth
Rilr Jolowe gy b,
S3) Vegetative 19.48a 5.96bc 3.25¢ 311.4¢
Substitutional growth
Solution (S3) sdaly o,
Reproductive 18.75ab 5.74c 3.17cd 317.9¢c
growth
adsl o,
.\ 17.45b 6.53b 2.71d 369.7b
Initial growth
iRl Jsl=e gy N,
S4) Vegetative 16.62¢ 6.89ab 2.45¢ 405.6a
Substitutional growth
Solution (S4) aly 0,
Reproductive 17.31bc 7.47a 3.31e 425.9a
growth

*The average values with the same letters in each column do not have statistically significant difference (P< 0.05).
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Fig. 1. Effect of experimental treatments on average yield of greenhouse cucumber cultivar Socrates (Negin)
columns with different letters have significant difference at 5% statistical level.
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Fig. 2. Regression relationship between instantaneous water requirement and experimental assumption of
transpiration ratio to dry weight (S1, S2, S3 and S4) at different stages of initial growth (IG), vegetative
growth (VG) and reproductive growth (RG) of greenhouse cucumber in Socrates cultivar (Negin).
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Fig. 3. Frequency and distribution of means of instantaneous water requirement in the range of transpiration ratio
to dry weight of greenhouse cucumber in Socrates cultivar (Negin).
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Table 6. Correlation coefficients of photosynthetic characteristics of greenhouse cucumber in Socrates cultivar
(Negin).
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t** Significant at a statistical level of 1% * Significant at a statistical level of 5%.
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Research article

Evaluation of Mass Balance Method to Determine Nutrients
Concentration of Substitutional Solution in Soilless Closed
Hydroponic System of Greenhouse Cucumber

M.S. Tadayon*!

In Iran, due to shortage of water resources, the application of closed hydroponic systems is
one of the priorities of research on the development of greenhouse cultivation. In these
conditions, there is a strong need for reuse of nutritional solutions due to the high economic
costs and environmental problems. Replacing the base nutrient solution in a constant manner at
each growth stage causes a nutritional imbalance in closed hydroponic system. In this
experiment, this technique was evaluated to determine the most suitable concentration of
substitutional solutions in a closed hydroponic system for greenhouse cucumber. The
experiment was conducted in a completely randomized design with three replications and four
treatments. The experimental treatments contained fixed solution (control) and application of
the base solution and replacement of the nutrient solution adjusted in different stages of growth
by assuming dry weight ratio (kg) to transpiration (liters) in three levels (1/200, 1/300 and
1/400). Substitutional solution of dry weight to transpiration ratio of 1/300 improved the leaf
nutrient concentration of cucumber and had the maximum yield per plant and net
photosynthesis rate. The highest efficiency of photosynthetic water use was related to the
solution of dry weight to transpiration ratio of 1/200.
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